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gAtUt jJ^taJj ^.uyaTJ A»Ult »j\i^ I 



JUJU 



^jj^ '" "J kJl dLhP^' 4 J ' ^" CjL_<_uL_uI (4_tiijj) L ]_<^ji_4 



W'« 








(^yic ajjLUI 4_ijjJ,l A-iiLjJI jjlj^aJI (JjjbLl! (^,1^1.1 1-jJjJlIIIj (jyJ-flJI p-il*lL? LaLtll 4 iriiiiji,! ^ 1 1 n" 



<JJ>jlj-a (_yic Lp'i J-aTiAJ (J aL^SLLa (j-^J - i ^ >1 ^l J^* 1 - 1 4^ p-*-" ^_ ' 1 1 .aj (_jjJ! ^jla^JI I Jak ioL9 (jjJ ^j-* 3 a JjJ > nil 
(jjju J 1 <aj 1 <i_£jj3_lLJI aJlSHII ^ Lg&£ j*-^ Ar L ^ J 'J a" ' u *l <_>>-l (j-« (jLa-i^ilj («JL*JL) tt 1 1 nU 4_)1 1 mi 2jJ9 Lr^-J 

.LucLli-a LaJi^m JjjJI >_al 1^1 1, JLti 4111 

*> a J 2j II 'LlI^jJI (_ijL%l]l *_a (j fljj 4_uL>ijj aaiaji tc_aLLI! ^j^U'ia p^.p .^.".t 4_aL*J! Sjljj! CJaa. JiJ9j 
4jI ua-uaj>o A^\j=u J-a-*Jt (Ji-"-" ' uialLa j^aUo 4jjJl>. <U-a-lc l_<_JL_uI Jj^j ' ij-uj JlJ I Tcal^JI $.l_Li A_ 
«J_l£=jJI (Jila-i i^JlII 4-illajJI 4-ll^.U j-uLiil jIJlC.1 pjj_i!a>3 £_ a j La -•- II <>ju4> cJilaj Jj9j 1 4jI ALalLa ^lITl? 
tjj) 1 11 Jlla-i ^ La ia> ■ JjL>J J,^~~ ' '"'"' (jr^- L^"- 1 4r J- u '-*-^' -^'^ ^j <4_ujjJl(JI ?c_al^JI *LL) A_ 4_u_uL_ujl 
(_£Jl!I ^La-til *-3l_aJI *-a 4-La-ltJI 4jJjJI Jj^ljjj da>J <jA4^' VdJ^'j 'intl p-lUTlU ilaLtll 4 mmj-llj J-a-tJI 
j '^— >| ^—ljjJlj py-aljjjj 4 1 aL^SLLa 2 j-Ia-Li AjL^III ^_ (jLitill <>Juii r-j^ejJ t^a-tJI 3j-" '** tilalLa ^Liisj^j 

.'i_U_uL_u J I d'il ilU", a ( _^lL>iJ ^_ 4_L5Lfll 9 J '^— >| J 4 JjUlJI (jj I 11 < I'^ll » --»**« T 1 

/O 1 11^ ^jJil'J, lJi^u^slIIIj _L)^il'JI 4_uu2J CjLluLuI 'LtijJ (J-a-t-a 4_uJjjJl!l 4_uJL>JI <7ji_& JjLiluj 
IjJ Laj^UI CjljL^Jj ' >l i ■■"^— I 4_uLi^= JjLjTlJ 4_i^j_>. CjLcjoisj^a 4-l1SHj| CjLlL^sJL! <_i_u^=3Ljj _L)^u 

^J-^ l^»-»-"l'l 

j^l «dJI jj^a (J^aG 4jjjjjJlII 4_ijJL>JI tfjub (XLiJlJ jj 11 - 1 ,* '■^■" (jr^J jy-ALJuLl j-ijlajj p J a LaHl 4LaL«JI 3jl J^flj 
i LLajtHll j^ys jJaj i La i •■ ■" <_) jjJLuj Li t <Laj}UI 4jj_ajjiaJI CjIjL^II (Jjj-aG £— jSliljua J^— > ■"■ ) p j ■ ■■" jjl (J^-J 

.CjIjL^JLI tfjak ill, ,,",^-,1 4_iia£. p£.j3 (_pJI (JL^a-ii^flj d)l S-uialilj 4Jl t" i n^Lij 

c_i-Lre.a i> jqi ii 4Jl (ijL-is^jj 4-uvj LX I j * a ^j ' Luali ■ aXI a LkjIjLcl (_yic (j-LajL2JI (^J- 1 u' (J ^ ' "' *LlJIJ 

.*LcjJI 



w-ALill jjjlajj p J i i -V< t a^jLaJI BjI^VI 



L4u£}lj iJjull Aju2j uUuLul ( iujj )J*m ^I u Sjj JUjjj 




( ^ • \ Jj-j) *-j!j-Uj cjLjjIj^kJI pic cjLu-uL-uI jj-^a jLl>-l Ju9 (_JLLaJI tjj^-ij (jj >— A j JJ-2JLI I JljIi a^uIjj (J^a 

<La^t mtl Jl^.Ijj9 (j j j LaJj (JjjLlSJI 6j &>-\J JJljlIIj CjLoLJkJI plj-Jl <_<JLtaJI /^j-UTlj i_3j_<-u jj_2Jtl I jL_a> £_ 
4_ul_ij^^=Jlj 4 .t^a-iJL^a-JLl pi *'j^— ^ (jr -Ll c_3j_Cij U^= . ( 4_<i j,_^J I ) JjjjJ.1 Ji.1 J <J*jl1I J}L>- (>« <jLa^?lj 
aLxJLII (jr i£. (—JLLaJI ujj Jljj J 4-La-LmjJI (-a-o^ai! Ij JlJ^jjJI CjljjjJ p ^-.^-"tlj 4jLu»JI Sj^>.| JJ iaLi^/Li 
L$J J "*" '^ ' * -^~* 4— <-"lj.J jjj— dil (j ^ '--'*" <-1UJl^= .(_i^ m"tl ^j_C ' a iftt^aJla *_jj_ajJlj ^j-a- i"itl 4_Lflj^=j 

.i»JM ' f'tl <_k-L^a_«J 

Cjl_aL>JI Jj^i I 2 JlJ-jJI p" j" i>t._L>. £ «LjI -Sj-iLa A-jlaJLLt CjI Jlj>-j (jl— <£i J I jj_ai,l I jL_a> p^ ■ ilSj pj JlJjJ 

2_ljlJI a I jiir" i n I j i_aj[J)U CjI—uLloJI J -t*j i J_<jj«JL! 4 1 i nl_m ^IjJLl jLll>.I 4_LiLt^=>.j ^uL_l2JI «j_^>.ij ijjmJIj 

<_t_uLJ2l (jr-Lc (J-g-til 4_uLjJI a Jl^jJI Lai .Qe-pe_LO 4_ajj_La-l (JjjLlSJI flj-^>.| a I JlJt" i nl i I U j ^~-J a»l •^^~- - ' 
i_i_LllJ| * j i njj l1UJl^=j j_JLs 4 a ■"■ (J_<i£.j ^j-uL^-LlI j i 1 11'3-a /^J-JJ (J-i-Lojj J)j ' <— "Li^JI <— ^£>*J Lr^- j-^ 3 ^ 

J_<3J«JI IL. LaM-i-aJlj (j-a^l (_pL-"J f^-pf 4r *"~" "~^ (J" ' "^ ^J-*- JjL-u3 (—i-ulj^l ^L>J ijJUJI 2jL>._aJI 
liLiI i i nt 7c_pe_»-iiJI *\ Jiir" i ii ^1 4_Sjjl>sj <tL»g <LajjJaj *j^>- <3^= AjLlIsj j aLxJLII 2j^>-l *ljj>.| p-^2 j JljJusoj 

.cjjI_jj»- oj^ J cln^j ^4-^ (*L>J (jric. J j i n -> 1 1 J I i^jJj LiUj (J^= <aL»JLII 

A .t^a-LlL^jL-ul CjLJ^=JLI ■ 1£ c_3jju]l_) idaj ... .tl i ^ ; u^3l11| a J_j^_liJI CjIj^j>-j 4_s->IjJI 3ji_j>-^J! p" gja 

■ A^&jJejLa S jj i ^ i L^jjjLa ajj <LliI 'j j^-» tl *ljj>- 2l jLiTl>-I ■ d ^^^^~~ » 
:^_ 4 <jA i ntlj <L3e_pe_«^iJ I 4_iiAJI q ii i iiVI (JjLlJj Jj^xlll LJa-i ■ uaj CjI Jl>-jJI {_yz- i"ij k^jJH A i naL>JI «Jl>-jJI 

. Jj_j-tlll Ja-i . "j ,^^0 a Lta-Lj I kjtjJu • 

.(j^e Mill 4.lU-*] Laj^LII CjIj_j43ejJI Jo^ • 

4 Al".-»^ JjL_ujj l3>^ 2 -ixj (j^f '"'tl 'U-LiX. j j a *" • 



JU£4J 










. Ju^jTJI ^-La-Ll "J (—1^ ) n"< ( j£. I a-Ctt^3Jl ^_ d ->■ j ->• <^H ( S> t-» 1 1 Jj Ul'lTl^ (—1^ ) rl'tl 1 a! .".",^-.1 4_mJ| i n H sJl>-jJI Lai 

.(J-a-t-U 3_L>-jJI j_L^><jj s Jl>-jJLi Lj l ^^~'j" 2-iLcJj I j^~" A J "J ' * ' a II ' ^^^^~*"' J Ju^jTJI CjI Jl>-j d)l iiseJ a 




*i*3* 



ujj^I S ^l,tl 



.^ irT>p II 1 1 1) n i llf] -c^ i n II p 1 1 n i M fin In II niiiiiiq p II 









tj^i^. Ij-il^ MJ^I JJ^.' eJia-^JI ojuk J-i"^" LaJu£. :^lJAtfl 



% A * 4-LL.oli SjIj^>JI <jJl4 tjL2jJ J J cjjjlil Jj^sj (jf :U^iHUbVl^L^4 



. AJj-LaJI ^jj/Lse-LlI (_t-Llul Jj^ i : -"' al.iT • 

. <_dJL-u sLi^a • 







-UJ_W- ^ » ^ 

,J_^— ' -""'II (J j i ■■ ^jjJ ^jj-ta jjb J /o " " f " 4" lint f-Lj (_$ J-ll /ySJJI ^j-uLj!6_LjI jj^a (j_jL_*_dl ^____l^a.a « 1 1 ■*-■" 

. Lu_a-a2l *_a JjjjlLI •'!"•" V j Jui^xlII Ja-il i ua *_a JjjjlLI »l'^' 
(JjLu 7r a i n s La_a sjl^_*JJ I j'^'^j" eJ^>J ' a-t-t^SLllla Jj^_uJI ^_ilj_s £l\_».| _?_ £j_j|_T__i]| > r . u| a_a aJljt" i -Ja 

.aj-il J-ll s.lj_>-l » - l s jw _f- ^r^ L^J'J-* - 

(Hard -JLuaJI i t __ijL-VIj <( Soft Tubing i-Jj—a ) 4_jj_L_J| uu-uUVl Lg-La jN -^ - -dLi__j 
__sL_] J__=__- ^k. ^-it^j Aj^iaJI c_4jU^Ij L^-lu <._m.ua] I <>. olu. j 0-^) J-=a-u« jliuldrawn tubing) 
i^yl-Vl Lai Lpljl=? ax r L4=_^L j____j (j_u r.,_A « lo,Y_. y,1Y) .__£ 1 . . y o. 3 \ o y^f 

i__-uLj^?l Lai l_j_^jis (j-« -U-JI 4 -1--— — a J--— -u]l 4_a_i______a <__J*>J ( J-J-al "0 Lajiij ' * LJI^i-l 4_JL___II 

:^L_]L_= ( _ ;r £_) (j-jUtJJI t__ T u-JI f-laJI (]>c Laij .__iL_] J__=__. ( _ ;r l_- (jr $_3 aj^>jl___!I 
.4jj_=j_II cil_j-=-ll j LlIUJI lLjJ____JI cjIj jjIjjJI _f_ l_W_. jIjl>. oli ^^aj (K) fa_JI -^ 

■ Lalj-jr" i ill ji^-»i (jj-^J 4_=_il_a___]l i La ■ -j" a jiJ->- C-l_! (_-J*>J (L) f"J--"' " 
JLj-C^I <U4~s _?_ AjLJr'inijij ( JlJ>J-]I 4-lg.o _f_ ^J-j-1-u.a j_j__ ) JJjJ-j jLJl»- -^'^ Cr-^J (M) fall! "' 



4 L3___--l 



/<uj 4J^ (j-ai-tl (_-]L_. i___ul_i^l ,j-a fail I ljufcj JL-i^-pJI JL?ta _?_ a I JL5_Tl-.>-] « ' ' -^ (ACR ) paJJI -* 

. 4_u_> L>- __i 1_____ l^aj 4l_c Ll-_. 

iwLu.lt-ujL.iiwL-9 - ^ J 

*» ♦ ♦♦♦ *» ♦♦ 

:^___ii Lalj-jr" i nl oLl_i1___,I j '-— Ja j__-.jL>JI j L-u-JI ^jjjLiij ^Jj^L. ^^j-c- (jjiLst-JI < <-i_i-_t 1 4 _j_ul_j_. j_ij_>_) (<uj 

■ ■ -j' a 4___L__JI -_>>_■_.__] I (__,uLl^?l oL-uLla Lafa .(^-^ ,J_______]I ,JI \ L-j|) 4___> aj — , — , — , , — 

cr^ ^— .... j cr— cr. J JT g' 2 ' 8 16 4 

1 1 1 

'*"* 8' 16' 32 













Standard <u-mL2]| s^uLiVl oL^Lla 0-0 J^-n* 

(Jl J-taJl) (J I n«"imVI J-tC J-*aJI aJjLLs (jy ic LkJoa t-iAJj CjLflJ J^— ui (jyic <U^-LaJI (ju/btiJI l_a-uLJl ^G 




jjliVl Jl^uM (Y-0 J^a .,t. 




_ r . 







'^aUI wujLJMJ A.-fautyaJI Jill AA»>Ia gl^-'j UJLS^I j u+jlj¥l fcl^jl j uLyLa* ^6 tijjuJI ;Q ) jjj*j -- .^ 

•.(-sjl^J! 

■ (— t-ulj^ll pl_aJI J CjL-uLiLa (jyic i_3jjl1II • 
. L^jL.ulJLa , _ic t_3 )-ClII <U^s aj — — — — — jLLa^Li 's^—- ilia i_<_l)LJ 2 1 ,*>a icaji^ta Jl>- . 1 

82816 4 *^ * 

.J>Ju>Jkl (J^LlIII JlJJ^J Jt«J LljlHI JjIaJI <_>isJ9 /<UJ liUi Juu JjJmlll iia^l *Ljjf <_s_ojJ>U i_3jia]| 













Tubes Handling Tools 

<W.LM - ^ » t 



.(d-C,J^=uiiJI J! jJiJl) /«^=utlll (jiajJLa i jjjJilJI 3 1 _i 1 ( « tail? I iLstC t ' " ' I j ^— • ! I £ /<> t«-+]\ 
UJU (jr^' ,* ItaAJ I iirtcj '"'^ ^-—i i H (2^-> jj-ui-^tJI <_)^jj| Ct-LiTiJ *Tu (jf t_OiJ « La 2 1 1 o t _i 1 a I JlJt" i ul ,<Cu Lajiicj 




tjSjJI ^ j i " j^ 



jjUV! j-ka sbt (i-0 J^i 






jr 













^L^= ,jj^~~ ' ' Lq-Ll) i La 1 1 ia ] I (_^>jJs ajlju ciUj J a-£ (*-^ii f>„ '" J^"""* '"' ' t3-<->Jl *' J ' ) ,^~~' a 4_^l2 i La ■ i ; - 
,jj^~~ 'JJ 3^^ ? UL ^3 Lt"^ 3 *" i_)^** a j ' -"** ' j." 1 ua-tal, I t_<j^aj Juu ^j^-— i a >J (^^-^U j." 1 a- j~ a a £j\ • ia ■ 2 1 ' 

•3^Lta^l f Iji o^J^a "W^L" <3^-^' Hj- 5 ' ^ * ' ~ a t3d>^ 6^- La^Mlaj 



*-*U' 




j3U.V! t ljj 



«.|jj>- 2l ^j- (JJ tf— Ti a 4j^laJ| ^jj/L^e-dl j_u_ul_4va ^j^» 2J a Jia-"i i nU ^j a 2 1 , 1 j"^ 11 ^_ (jjjL^e_Lll j_ujjl_o_a Jj jj i iaj Si j| 

Jjjj i iaHJl <UrtC - ' 
.ijJj_;tLa 3'-'-" 



■f 



^~ i ■*■"■' I ^j a j 2 ^ 



T 



.sbVI 



f <l l o3 » 



aj^o-u/ULI JaJLuaj J^L>JI 'IJI j*J 2li a ^yt aJustja (j-u_ulJLa jj-a (j^JJ_a-'-"L a (J- 1 - 3 ^ 4 'j ' "J (jr 1 ^ JJ-J uaUll 4_JLa£. (j| 

.ALtill 4jlaf ajJ LfcJULJJ 4_iL>.|jJI ajjjj/Lt,l (jy ic 4_t>-jL>JI 













4_J_Jj ^l_>5Li 




a ■ I I / i/^i l ft a 



.ul^l (j.u.txs sbl (i-O J^=ui 



3 

16 ' "' " 



.(v.^ j^.^ti jiji^i) i^^ 



i 




« ■— ■ a I 1 ■ fl I _a-=^ 



^jUJ! j Jl>.\ jJI j^a^ sbl (V-l ) j^,,t, 



. A_ 1 J^-. ,",tl ^_ -^us^ja jjfc I ■^' : — i (JjajJu 2 ivAljLa 














lJ-»_jJLj f j, a \ jt <jiL»_j 



« ,<L,JI iLljjJI 



aj_iii^aJI _ 4_i^=JL_a]l aLij^JI ( A -^)J^— ui 






Slj^lJ-*i 




.jiill Sljt 




Jo_j_MaJ I j I * ■ - 1 ^ - t\ * " II *Ul 



(jiaii iLLHI jjjZlII S|j1 ^i^uLiVl ^ka Stat (^)J^=ui 













Cutting, Cleaning & Reaming of Copper tubes 






Jajj-ili i jjj/Lso L-UjlJI *_La£ olj| : (JILa 4_ijiLaJ,l CjIjjVI jtiaAJa 4_Li_uL*_Lj 



Lj VI ,_)-- aj aLuLU 



LJVI ^j^a 4^Lj.qj^l jl . V-~^ I 

: ( _ 7 L L4-I ^ * si ' LlU j JlXJJ 
.(—I^jjVI J '-" a jLll>-I 

.( ' ' - ' J^— 1UI JJ >^l) h" 1 ^^' (jr^ 1 isejisjJLl La>L«JI ij\£. <_*-uLjVI flljL (_^a2j| iistil » i^»j 

■ <Ull I rill <_ IjLJS (jljJ-S oLsOU -j^Stl 4 jl -1^ (<UJJ j> ' J^- 1 (^Lfl J^— - 1 ■"■' (_)_£JjVI (_^i3 

■ (Jr-liltl 







-1 
-\ 

T 
A 

.0 













<^y>.jl_>Jlj t _ =r JL>-1 Ji_!1 c—toJlJ 3? I ^jj-2j al^lj (jjj^jJI (J uaj *_« L-uJlJ 3? I *_La3 al.ll jl LJaa.1 t_>->.j 

rtj^-i'N (S-U-U I 0^-— L-UjLJjl « La 2 ' ill!!} JlS-1 AjJLlJl 4_tf==>-L_o oLluj^J 
^j*— ■ ifttJI) (_)^jjVI jljtjso i _ r L>-ljJI «.j_>JI (J_J^- i _pijljJI (_)iaJi ' l_Ll jlj^~*"" i_3jjj/ « La 2 ) I 4 -J »yC Juuj 



^ U i 1 1 4 I -» - 




•dfcjibi. <-jLaw — 






:A t l!11!I ■ - ' I J La *- i I A_ ' -l^- 1 (-UJuVl j_)jjjj J ' ^l'**'' { _^Aa£. f. 



■J LiUj JULJJ 



? t->2tl Sl.ll S^s»J^s < _ y ic Cc- ult l ^ja-alJI Jj^aJ ^UmiI^j i—ijjJ^'L-l AX-j ti 2 U iflLsJI <j-a (jouljJI Jj! - i 

.(2rL3j-LaJI N *~~' J 'J 23 ' (*\j <Lx>-jL>JI <LaL>JI (J_a^*- ' ^^^^ J^~~ ' '"'* JJJ* J l - J " Sl.ll Jjjj-La 














L>^ 



SJjJiaijlO^) Jg-iA 



J^-i Mill JJ jiaJl) ^^jLiJI J er ii-l jJI jJ^SiJI e|j| 4_Lj_uI^j <_jjjuVI i-3jja ^^ (j-a (jSuljJI Jjl~ <-;-> 

( K- ^ 

l^-S|-> JiJ9 JljJ mi II JajLuaJI <jl i!~t>J ' ^•^ J^~~' '"' ' ' '"■♦ '^' n_j_uL>JI JaJLLJaJl *_a j_jaJil!! »lj| j_}l .(—i^jj^l 

lulls 




jjj^'tl al.il jj| (' *-^<J^=iA!l Jl jiaJl) c-i^jjVI <-3jJ« j^^il ii^>Jtl «JaUI aljl x_iis *j jjjJilll Sljl jjf 



S \ 














^.jUJI^^UI (U-^) J^,t, 



5= 

J^~* '"' •-■'•••»' (j I (J) Z IvALlqJ I 4_iL»g £— j a~ i nl i aj a * i a 1 1 (__>IiL<t2 4 la i ul&J pa La-Si, I ' SjJaU ^j>.jL>JI 







2 ivALLaJl ' ( s_o-u2l I *^fc»" ( ' - ' ) (J^— > i"i 



4 i i nilLij t f-y-& * I cXj^ a sALuaJI (__>IiLnJ9 (_aJ ^j^— » -v a »j iL^aJl jl U»aVI elilj i_^-uLJ}LJ 4 i i nilu Lai 
(—I^jJ^iI ljufc (JL>-Jj ^j*— i i ' /«J Q-^j- J " ' a I *— l _W J ' (J*"'"^ "" J * ' ' ' (■>" a ^ L - ^ ^j^=LAJ jLLa^VI aj.Lt.LO C-t-UU^U 

- H - 
















SJiJjJ! Ijh'urW Qi-\) J^.t. 
SassxlmJI aLfu^ill iLa^l^J CjU^tl i AjUlt ^I-^IjJI «.Jj>J! ' fllaj - J 

-- La i uJI Tuioj (j| (J I .-'Un 1 ^ At Vj cLx^ aLij_ii]| ^Jiot ' J ^ i "^* 1 <_)_oj-)VI ■ 3 > t-> 1 i 'l^-i , ,. a cLul ' 3 La a. ^ a 




Ll^aJLaJI SLij^JI St |jj c. j La fl 1 . 1 ■ AjUlt ^^jiJjJI *j^>JI I *jfc»" (W-0 J==au!ii 

JJJ* J (J-^* 1 -^ 3 JJJ.I'^"' J i* * CjLlLaC s.Ijj>-2 <Laj}OI fljl j 1 1 (.jjJlII,! i '1 i ..^—\ :i_3JlJ1 

.o^Lcl Oj^aj /CJ La <r LjI '.(J-ajiJl Cjljt-i-%. 



yljVl 3Jb->JI 









Measurement Instruments j*LuiJri>#H 

<L>-jJ jjjjLjS aj^>-l ((JILa (_a_j_L^=ajJlj JiJ^jjJI (JL=ta ^_ a I JlJt" i uVI AjljI mil »\ ^>-3l (j-« j-(il^=J I i_£jl_Liti 




THERMOMETER 
DIAL 

THERMOMETER STEM — 



\ 

CASE 
AND— 

CLIP 




(Test Manifold) kxil\ j-L^iUe - * » * 



H 













j t^La-i-II ]|_ Lj-AJl^-I (jLoLa_i,a i Lai »>»tl (JjjLjS jl jLjj-oIJI jl ^jja- Mill 4_JUx. «.Ij_j*- 2 LlLJjj J-o-i-uVI 




J I ^LjlII JajLLJall tjL^= *'j-" (J^>! jJ! (j-a Ja-i LJaJI (Jj/LlS jl^>- /y-JjJJ «.ljj>-l ( ' * - ' ) J'"-' '"' 7ejisjj 
<Lc_a-«_>J,l (D) ' (J '^^ a P'J-^ (^) 'UAvlW *iW"*' (Jj) idijjjjJI /j i i ii a (A) I^jl <L*£>- • ,j a a he 1 1 , 1 i LaJ> L*aJI 
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1- Puzio, H. and Johnson J. " Practical Heating, Ventilation, Air Conditioning, and 

Refrigeration. ITP 1996. 

2- Andrew, D. Althouse, et al. " Modern Refrigeration and Air Conditioning" Goodheart- 

Wilcox. 

3- Holman, J. P. " Experimental methods for engineers" McGraw-Hill, 5 th ed. 1989. 
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.(JL»lui}L! iLLill .sljJtl jl cjjjjJLi 4-LLlq (jiiLiS » Uaj jjjj*. liLij-l*. £_ « uaj V - i 

.aLsJLII (j^. /tjLJI (jL>-jJI ^\ mi Tun I i_Jjvj- 
.^Utill <_LJ9 2^4^ ^JjJ"'^ (J* 0-" >^— i"tl- 1 

./0-a- mtl j Ojj-Jl jj^a lILiJlJ da aa. I ~ V 

I^UJI oLLLlo»V|- t_i 

aL>J <Lij-C /,-lc. jl jl Jl^>JI (_ r lc (jLaLi 4JLlLo (j^l'i 1 n^l j (j* -»■ , „^-,jVI i-iUIjU . ..I jj <^—,~ jj (_c^vj~ Y 

1 Uj 7i , ,A\ ~j_a i~\\\\j U , ,,V1 'L)Lu>J (_jJul>s 1 £J 1 nLa a! 4 1 1 aJ 1 u a U , „lj » 
' Jljlj /,-lc. jj ^-." (j| (_c^vjj ,q 11 <i i"it I 4 t i"itj d)l a. t ,^.tl j 2jlj^>JI (j_C Li—Lt-i dlLJI aia 1 ujll . U>A-*-- V 

.,JjW«JI (jl^-i a (j-a j"i^->t J I jLlal 
(j- 1 -» 1 ..^-.jVl (jV lLLIJ j i~iI ^ U't I jj i~ilMjl-- 1 ..VI CjLoL«-u3 (jr^- ^ a •— ■ L iJ^' 9< /o-Jr i"itl X-t^J >JlC - 1 

jl t A iVl j U^ 1 1 1 , n a 1 j» ^ (j£.Lilij 

> ^-» Oil LiLIjlJ.CjIji 1 11 Cj^Lj JlJU ^j-~ -> a (Jjl ^j ^— I ' (jl (_ r lc Cj IJ ' I" Ajjjj (J^= '" J ' ' O^ 1 ^*- 3- 

7tj_3j »j^>-l J] ^j^- ^^- all ) u )lL1| j\ a ma --" Ai tiJJjij , u» ,^-tl ^>. A-»^i Cj^Lt-aj a I ^— » > I | _;-~-» a (_o.j~ 1 
j-i-laj (jjJ^-i / t L>-IJlJi lLsji uaJl >^aj " a ^—Sj jla <|_£j.i>.| ajj3 I g-alg /<u Sj 1 '^- a ojX <j| aia 1 u »' juita 

■ (_i^ 1 11" (_£l L^J J^a-jj 2j I Jlx>- 4 a-^=LSeja Cj^Li-isjJI (jl (j,!*-! I Jl^2 

(j-L^^o^sj^il 4 )| aJa-ml ALaa-a ^-^J "*J_9"^ ' " ' ' aJ O -0 ^-^ 3 ' L>"rr ">_/ ' ' U^ '**' ' " » ' ** J ' ' i^l-a- 1 ^ 5 7c-il2 - V 

.4_LaL^= a Jl>-Ij <>JJ^ 







.^jLkJI 3M-C.M-3 aLaj-aJI ^ic. <"<!Mjt VI iLjj-a rllia tdp - A 

2o-Cj (Jl o t" i ii u (Jji i ii U (j-u'j (CjLuJI) A-Jalj a. £—. CiLu^ i h" -Sa^-J f*^^ pJJ ' "I cJ^ 3 ^ J L> o" i "Li jJLaj ~ \ 

• tja-H i^ill 

OjL^ta ^Ji_cj --^-» i aJ| ( J_4JtJl JaJLjLa ^-Ig, l_a-il J {jj £—~ CU_l>o i laa « . >■ 1 1 Cj I »Ia-La CjLaLa-»^5 jui" ^ * 

.3 Jul! I (Jl ot"i i nLi 1 j -»-"'a 

■ LiLil Mia 4 La i ul aj LaLa-i <lLlLo /(uIsIjJkJI (jl (j-a Jl^=QJI~ ^ ^ 

.aLxJJI A 2 La * a jj^l I JlJJU 4_i_ijjLLa (Jl^lsLi (ja^aj (j| <_o.jj i Li aJJu>Jkl (jljJVL) /(uIsIjJkJI i , ^^~~'j"~ ^ £ 

.jLiJI dlLJI aia 1 uf j '*" 1 tall ,1 (JLc (O-lLsIj^JkJI j aL^I!! (Jji mi a ^lUj aJlC - ^ 

^„.\ltli ^t;»"!9 £* •*■ ,,.^—jVI Jl »" ,„l a Jlc- ^1 

<~il*<ljU ,„l jj JU" mi^L? 4_LLa -ilj— a jl ( _^aLie_iil jl »L uil fll >«jL) a I Se U I J.t—iu.a JU mi] ij_t" W 

■ (j^ I" 1 "VI J (j* -» , ..^-.jVl 
(j—a ^ ajlll jl_ i_Jl Sj LaJ CjLaLa-J^aJI TcILa) ^1" mi VI j £* ■»■ , ..^—jVI i-.l'.ljU ,„j Jljj" ml JLJbC _ M 

■Jt ifoXl (j-"\j (j-a dWJ-^ 3 ^' A>^ ' / lti*>^-~>J /<ul3lj^>JI 
7t!La (_^vj J_i c-cg Ul (JU Mil JlJ£. Lta (j* 1 1" ' U ^L! j (j* •*■ . ..^—j\t t aLsJJI (J-t-iu-a CjLaLa-ua 7tla a JlC - ) 1 

.(J-lLujjVI *_a £." -»■ , „^-.jVl ul^. VI) VJ j (. i^ltl (Jl t mi] j Vjl (j^ I" ' "VI (aLaj-a 
^j_a 4_La^= r-_aj_>J tiJJjij a Jlj>-Ij <j| aia ■ ■■! ^j_a icLj/ /_pJ \ " * * (j-a j '^— >| ' ^^J ' •"'*' ' 7~1 a ' "tl >JlC - Y - 
I JLS .(— al Mia j 1 ^1^. .^.a ^L>J JJ ^j^jj t_d-La 2jj /<uIalj_>JI (J-t^vj l_<j-a ^ I" 1 "VI x_a (jj'j mi VI 
SMjU. , „T L^^LLaJ (Jj.^ajj ( a ^ L - c - S-^di ' D 4 "'''^^ ' "I (»lj^L-ul >—c-^- J jl Jtiil I Jufe tiJ^L^ILtjVI jjLso 

4_ «_j^_cJI pLojjVI J I i^jJ-j j^LaJLl *J_ll 1- 1 j mj tiUjj ! Lu (,t\ i<ijLa mJjj>-I s*i)jU...f . ' if .^L^t 

2' < ljU,„VI jLjc-aJl (Jl lLUJ i^Jjj (jl j^" iM o-aj ic.jLaJI a'tljU ,,.VI 
■tj-' I" ' "2 1 >Laj-i3 3^-^-1 (*-y (*-* Vjl L." T ' "^--jV^ ALa^-a 3^-^-1 S-^j (3^-C.^il Jtic - Y^ 
a^_2 (Jila ^Jbala s^J-a] (J-a-tJl (j-C ' a a J JlJ£. ^ I" ' "^ I J l." "" ' •■^~'jV' dlLJl aia ■ ul CjLaLaj-is /^le.] - YY 
/(ulalj^JI i^_ Ja-j>-jJLI tj-tl" mi VI j (j-i •*■ ...^—jVI Jj_La ^j_a > ^—I'.tl ^_a t^L-a-til 5-jL^J J I A *» m-aJI 

.(Jt miU CjLaLaj-i5 7tl2 jjdj-* 3 (j^- (J « tw 1 1 J 



VH 
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_£=L 



<JJ 4_ll 



t/yJb La-i Lfej-ia-a. 



aJlJt" i nU I. i (jit I 2jIjj>- A^»-jJ ajuj j^LlIuj Jjj^IL*. 21 4_tL^C q\ i n-*-"it ^j-\ I" i n 2) *_a £* -» , „^-.jVl ^jje 



(jl_J_a^=Jj 1 a-d> (j-L>-j_pJ_II j 0"t-=e ' "^-'j"! (jj *■£■ ;ta» < CjIjLJlII <UI ij/l (J—aLta ^_ l_ta J^_j_j_uJI j JaJ< LaJI 

'" J ' ' J J Ar ^ ' "'" <— "J-aJ! (j-a CjLJI aia ■ ul ^_ £," -» ■ ..^-.jVI 1 ■» 1 a \jg , ,, 1 jj>. 2I i yc. I a frl Jl>4 J >^>Q 



•J 



L ^o« , U : , ; 



oj^=i9 



jLc. ^j_C i _j-a_jtla ( ^ -T) (JjJlj>- jj^-ij .(J-a-tJI 4_*jji3 /<u^ijJ 4 alLJe.4 iL^ej>.|_i jLtll dllJl aia ■ ul « * 1 aj j 



o 2 


^Li-aa^aJI 3-°^' 


Jo^ul - j-LaJU — 3jjl 


c^i 


^Ui- 


(Q-SoJI 


jL^O- 


2 >ljt-> ■ "VI , u-ii ,>n 


J3M". 


2 >Ijl-« , „VI a • , „ 


^ZLa-ila ^1 • • 


a'«|jL,„7| cl A"jl 


^La-JLa Y • • 


r < ijU,„vi jU« 


jlLa-Lla 8.75 


2iljU-.,„VI jjlj.i^ i<l^,„ 


o 2 


^Li-aj^aJI j--aj-II 







3J '"' C'" * ' sLcl^/Oj JljJ Mill j_Lj>JI (— Cj" i n \ \j i j^— ' I j Laji J^— » ■"■' CjLJI aia ■ uVI A_ ^Lc. JaJLca Caj 
*l_3tUL) ^ aljtlJLl 4_«UJI A-a^ uJI J-C.ljJ9 *j-^- ^-^-'j ) '"'f'ljk ■ "VI LlLJj (jj}_>J J aIJlJt" ml JJlC 4j iiiL-uVI 

(j^ilj-uVI jLc. <~tl'tljU>...| - Y 
2 JijJ_ii 4_lL)Ls 4_I i^jL-C. -ij-^J (j-C- ^jl-^ 1 (j"*l" '"VI O^ - * - ^ fkLseill Cil jl of IL. jj^Vi in VI jLc. Jot" i »j 

J__uj^= (J—cLjj (j— a 4 Ac (Jj ,^.*s.tl (<u— ij 4_$j^j== 4_^j|j jjj il i_u j_ ibj £ 4 1-Lt.a i—Sjjj—la ^_ jl -» A »\l t 

.4_JLl!l 4jjL«J,l l_UJia.j '^^JJ -*UI *-a AJJmtL^aJI 

CaC 2 +2H 2 -> C 2 H 2 t +Ca(OH) 2 

p -»■ Atl 4_il j| j 4-ul j j J^-— o'j-^' 4r w i ..1^— tl jj^ej>J| j-£jl£> {_yi « * ' <aj) ajj i ntL^aJI J_u^j== :CciC2 
(J—uslj-i ^_ l_Ltjj j i ■<^-» i /<uj -i>rH^ l -^l>-'- 1 > ~tF w JJ-^'J-^ 4: J J ' a * * (J-il '-'ill ' i t-aj (<s-J i '^»■ 2 

.(*m u-Sj-<-u3 Jo-is <LoJ==L5ta 

(jll"mVI jLc. : C 2 H 2 

a^lmJL^bJI j_lco^=jj j_uk : Ca (OH) 2 

J-Uj-^aJI ( _ ;r Ll *UI JaJal ■■■" (j-o ji *UI IL. J_u^J=JI dajal - ■■" £ya Lai {jtl"mVI jLc. jJjJJJ 
CjI J_Ij^a jJI 4_»-L>JI tjj-i QJ i'iLlo .aL.re.UI (_>ijj 4r (* ' J-^j_u/^LI (j-\ I" mVI jLx. /, 1£ Jj i^-^-tl ^j ^-» a «j 
jLi Y • -^ (j-L-1 ?-jI^jj JtaJLLa Coo ^ I" ' "VL> «1_ul>s 3j_ibL>. CilJl aia ■ ul (JjjJo (j£. lLUJ QJ^~~ 'JJ ' j ^-^J-^ 

f-i La j J 1 (jia C. — t - u jj ((j-\l"i i nVI (j^a YO (_uj_i ^jj'j i "VI jj-a Jl>-Ij^1I ) (jj'j i "VLi ul jua (j-\ I" i nVI ^)J^~~ » ' C~p- 
^ • • • (j_a j_tJ==t ic.j_oiJ S'iIjU , „VI (j_a (j-^l" i ii VI (. i-r i n 4_IjL^ta ^J-C (— O.J I. i i i nil I JwJj -A I J-Jr" i nVI «.Lul 
aL>J (Jl (_^Ji|_jj L-d-La 2oJ /<s_uolj_>JI (Jathj Lo-a ^ I" ' "VI p-* (j 0"j ' "V I (j~a ^^-l^-* r-j)j^>J lLUJj icLj//_pJ 
J_cljJ2 O-*" r 1 — ** J '■ cy**"lj ' "I (*l J^~ ' "I *— »->• J jl J-2JI I J—ib i *^ j" i uVI JjL>j I JLJ2 t(--al inaj I ^^.^.a 

.(YY 2jJiAJI- jUJlj ^UJJL iflltHI 4-aUJI 4^>UJI 
tj-\ I" i nVI jLc. (^j£. (j^« ->l a (z-Y) (JjJl>- dru-ij 



i \ 
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cjrjjb-^u^l jli. (Y-r) JjJl^ 


C2H2 


^yjLljijl^lJl J-^J-ll 


j^qj^VI dil Sj 1 •■ rt ~ J A,^ 1 


CtfUl 


>tft- 


/Qj?ej>JI 


jW^° 


d tljt-s , ,,V1 , l-ii .>» 


>ui... 


♦*♦ a > 1 a L-\ , , . x 1 Aju-u 


G_<uJ_« 1 * * 


VAjU ,.,V1 ^Lijjl 


>Tl^-lLq T * * 


jMjU. , ,,V1 jU"^ 


>un 


QqlLu-u 2 1 (^qlLse-a 


^la-ila 8.75 


4_i| aJa-t ujfl (J\J<-^>- LJLqj-o 



^6000= 16x25 x 15 bar oljk^Vl 

'" J ' ' oLaLa.i^-i~ Y 

j fr I o^-* I j '* (— t-Jr 1 n < a I 1 Qui ala ■ aVl A_ 1 a A i^ U J^c. jLiJI L-l*_) '"'I al-a..LiaJ d)LJl ala ■ aVl d 3 1 ^— < l^jl 

La 2l_clj_a ujj <CjLaLa-«^aJI ojLjfc (J-ti t"~\ Jl-lC <La^l 1 oJl (jLa-uaJa .(Y-V) J^— ■ uij ( ^ -T) J^~~' ■"■ ^_ Tciisj^a 

dJJjj t «j_a J ^— > ] sjJ-> c_d-LaJ jl J ^^1 ' d)lj_a Cj^Lj jl (j-Uj_a aI q uaJl jl JlJ 1 La 4JI ala ■ u| ALaJ-a -»■" At- ^ 

.(^jljlaJI 4_JL>. £- ^-g-J ujJ 4-SJLc J^inj ^It>. 
(Jl <>LlL)V/| (_ -t-i-bj .4_u^c -ilj-« (j-« I J a ' a i^a ) LSJLc jij^-— ' JJ3 La <UljV, < jLiJI <j-a Sj 1 '-^ a «QA_i ■ * . A*i- Y 

/yJa-UL I jLiJL tfji^-iiaj *_Li i 4 )| aia ■ ■■ » ' ALa-t-a 4^i>.|j_a ^_ ^j-" - *- ui -i^>-_a f*^^- 
pLa-usI (j-£ LkjJL>. (j-aj < LgjLtliij a MUi (2>-a Jl^sQL! CjLm a La 1 "VI CjLaLa^s (jr^- '"-^P* ' tuSi^aJl ( _ t jLj_u~ Y 

.jLiJI jj-a a^.L«-Lg> 4TuLi Jj I LaJ a] l£JL oJl £ys a • U A 1 < A fc» '" ajijj 1 na 4 -»" Atl CjJl^-j I jLs t (j-\ I" 1 »VI 
jl CjLijIjijJI jl 7c_ul_<m (Jl at" 1 ui j_a^>iJ V/j ( . u Aa LJ 4 1 ^m ^s A> 1 1 jjmJI j| JljJLi jjiijj Cj La La-t-aJ I --"A"- £ 

aLa^l mtl JlcIj^ .tA.-^V ) tj*-? '-^ jVI S*<ljU,..T Jj| j3 jj£. 4JJJJ.I JJmJI ji ^a-u.itl _a| C1<jjJI AjLsr'nnj V~ 

.(£ 4iaUI-iVaL*JI oLULlI^^I- jliJLi f UJJLi ULoXI iUUJI 

J-) a! LtaJI dJ_2 Jjaj ^l_2 jL*JI ^j^ « ' <— >> ' u j 7c-i_i^> I jl 2 J^p- ^ JJ ' a ' (J-*-*- 1 « ALaa-a LilLLib tjl-^= I jl ~ 1 

Lg-tle A^a^Lc ^-i-isj J^«-J ' -ijj"''' <J1 J-5^' (jr^ 1 ^''lj^ --VI SjLcJ t_AJ 
.4_iaL^=JI aj-c*«J I (0-^JjJ (j iijl (JJJJI (^^aLjr miVI (Jj^ ^j^a jLiJI d)LJl aia 1 uf Jjt mi'ij -t\ a 1 nil <»J^- - V 

. it . 
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ij*-^ . ..^-.jVI a'.ljU ,„l Jj^ljj jLj ^ ^yJlj.^. ^1" m VI SMjU ,„l £_ ,U« ,^tl ^jl_j LSjI ,„ j ^— \ 1 n ^— 
(jr ic /<u^La jL^>- ' . '^^— j" (*>^ ^La aLxUI oLJ »C i- i i nLu V AjJLtll 'Uji ,>.tl o Jl4> (j| L*jj .jL> ) o • ^Ijjs* 
CjLaL4_t^3 a! i - ' I qja-i-q-i flj j - *- *' 0J-<fc J-jjO ^ <i i nlj t i— ■<-< uLUI Ju>JI J I . t-> « i >> II ^ia_LO^cIb ajJLij i tnljU , ,,V1 

(j i ii (Jot" i ii < i_<_JLiJI ^_ j . I 1-^-^-tl Jj_jj_Laj i$j-^- V ' (jr^- ' " 'fe'^ La *j ' , ^^~~'j"' p^"""* 1 ' V <i— po (j^l" ' "V I (<ua-La 

phi t, (Left- hand threads) ^Lui, ^jJ <>*« cj^.h^/VI ^U (Right-hand threads) t >«j| ^y 

S'iIjU , „VI ^^_a r-jL>JI liaJLUaJI >J\ > i i"i< j-jLILIIj <j| aia ■ u * I J^-lj dajl uaJ I ^1 > i <"i ) — (Jj^l t(jLmLi2 a 
i. i 1 1 1 III 1 a I -» I J I ilaJi La (V-V) JjJ^js. ■k i^sjjj '(Ji* uuJl lLsjI uaJ / — a ■ •■ ) J ■> I Sell I 4—jJU^L ^_ <Lol JlJcTi—^ z 




(Acetylene) (>JLltuVlj (Oxygen) ^-^...^jVI . U : , ^ LJala (T-T) J^ -■ 



if 
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((^jpHI) c-^LUI ^LaJL!! lUjLl^ (r-r) Jjj^. 



kPaG 


PSIG 


jUJI 


v- ro 


)•- 


O^r < «<=-.jVl 


ro- y- 


o- r 


(jhl" rnVl 



I (jljt Mil j . U » . %. 1 1 < " < I ^ U ' ^ (JjJ^SJJ 

• mt-Li I 1^~~* ' La » i -•** 1 1 '**" n '^** ' a (J J* <Ji3a ^Jjus^ aTu 
J^ >Si J-Laj|) .J^ t ^' J (-uIj-mJI <j-a ( _ > aJUeli! jlJLlI j_a 4-l«^= (Sllifting) i^.rtM .".I'.ljU , ,.\> t 9e-a-mJ~ ^ 
^_ 1 j£^l»" (_cjyjj .^psjJtJI IjwJ 4 uajLiaieJL I 7c_uLm JLaJtlu-uLi a I J4JL) d)lj| aia ■ u »> CjLaLa^s TtldJj (( t _ r) 

4- Jl^j^o Lkj^uu |*j-Lt^ 1 4_ill3 o_t^J ilai -^ti L> kaL>J Hj^L^I (Gasket) CjLJl_aa. jf ^ . t^-.i-ti - y 

S'iIjU , „Vl «_a IjuaLtLa ^)J^~~ » ' <i— po 1 La » 1 ia 1 1 <pi3L>. Jajj_i - V 
--" a ' J-tLta-a . LuLu xj-i^j jl J I 4x.LuJI <_ij_iic oL><jV M ua a oL>ol A_ JaJLJaJI «Ja_La i_JjJ jl Jlj~ i 
«JJ-S L-kjLaJ jl J *t Cjlj_a Cj^Lj jl (j-Uj_a mJjJl-lII (_)Jaj all sjl jl Jj-j^Ja (j_C «.Ja_i_i «LJ| ala ■ aVl ALc-ca 
JaJI 1 ia I ' 1— Lu.a 4_)l aia ■ u » ' JaJI La ,_; "' ^^" J uij a lilj-jeTL) 4 )| aia ■ ■■ » ' aLu^o tu^ A-jc-llij .2^a J^~* ' 

S*iljU,..VI Ja-lj 

(jj/LuLa j '"'|-a IJ— lj^ ( JaJi LJaJI ^j>»<a1 -^ -»■" At r , u , » AX.I, , qtl i_i^_a£. tfL>o! A_ 1 La » 1 ia 1 1 ya.La.La i_jjj jl_Li~ 
(V-V) (JjJl^so Tc—iisj^a j_<k I a^a 1 talLaJL I ilaJi LJaJI Jl J i<aj jl Jl Lilj^tjJLi (ALaJLII) (J-ii mmII JaJLLa 

.JjWlII 4 tjjVi (jyic J-a T L t J mJ JlIIj 

(Flashback arrestors) ^ ...^-^.ti c_^JL!l aU-l? ju-c j-a^ jUiJI i_ajj .^." aUxo ^ j^^ij J^-^^ _ "v 
a_jLi£. 4- rrj^*^' j^-*-^' Jot" i nj jl j ^— 1 1 cL-ja- jL«-II £3j-^- *-=^^ Jl f^j-^j^-^j (o-r) J^ 1 — ■*"■■ 

o^\-£l\ (_>_^-l3 JaJI LJaJI 2— (_pal a^«j| CjJu><j jLill cJiJj-t^aj aLj_uo tu^ _LLc 'Ul 4 La a. ^ a (_o.jj .aL^lIJI 
i>L>ol 4_ 1 La » LJaJ I >aJaJ-a i_ <_JjJ 2jl jl (_^jj-la ^j-C tiiJj (<u-ij ^j'^' ^*-' 1> ^' tiJJi C^U *"'^ ' '^ P- '"' 

' _lj I La 1 , 1 1 La i < ia II Jl jjfuji.1 Ja^J (jl J} 4X.I Mill ujj^C 



i i 
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w // 




jLulIIj i_ *j!j (lit I ^j-a (j — I -»■" I ] jt-iil <j-a 4_ca^= («L-ij (i-T) J^— i ■"< 




(flashback arrestors) ( _,.,i^-.ttl <.,gltl ^U.^ (o-r) J^-i.* 

, U » , ^ 1 1 oLalaJLa i_3l2jJ 

'.^Jlltl ^E-Ltl ( _ T i^- ' La » ' a, 1 1 '*" a-tia-i-a jjt i""< i_3lJL)J aTu 

■ AJljUniVI aUls 3^-1" ^ 

JaJI La (j ul ^^ J u»J a _J ui* '"'"" '"' La (j ul jJLa > ~"% ja A 4 -*- 1 u' (_ri * J~ " a <*'— SB -"' (J* ' '' a j»La-La LiJ_p - Y 
(_j>ojJlJ (_yic (j-».5^a».jJtl i_3lJL)2l (_gjl a ( n a (_yic LLaJLuaJ LkJtlc t j a LaJl ^J\ i Laj LaJI pia_La ^_ 2'<ljU , ,.VI 

.LuLuj •»■ ■ i a, ) (j| Jl <Ull ( nil (_)jLic (j g^aug i La » i a, 1 1 p la * a i_ JoJ jl JtJ - V 
.AL3eJLtl (Jt i ii a i&La-La j JaJi uaJ I p Iai a A_ ' ^^J LaHjl aLj_u3 l j^o J* : -— > J* * ' ~ 1 



ie 
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.j_4j>-I Lgj^la tj-\l" 1 "V 1 /<ulLsIj^>. l_al <(jj_LII *Ij>j_ijj jl s.LJ9jj (j- 1 -» ...^-.jVI j<uJalj^>. ^j ^-." j .^1" < nVI 
t_gjl i n"< (0-C.j (j~* I" ' "2l' (*J "J "^ t (JLJ'-IJlJI j Lailll ^j_a j..t_Lo I ij* se ■ ..^-.jVI a^IsjJk] j_L>.ljJI j La-SJI ,jj^~~ 'JJ 
(J-q-reTiJ V L^jV £ fj* Se i ..^-.jVl j<ulalj^>. JJiiJ (j~* I" ' "V I (^r^'J-^" (*' ^ r " ' "' j^^i « J •(j'rP"'J'-*^' n ^^J a 

.^LjJI £m ->■ , ,,^—jVl , U » , '^ 

^j-« » u2l! V /j ^— d tAL-Selll Jt i*ii a j jL-*J' ' *JJ '^" tljLse^ 4r- ^rF*" J^"""* '"' ' (O-f^ 5 ' J-^ ' C<-iTij (j| <_o.jj 

2 jjaj^j I Jlijl^j>JI ^j La> (^L'JLj j 2L^l3 jLill <— i^ i »" lmihI La_a 'ui* i""m ^Lul L^JL^a a 



aLJJIJ^LI*- 1 

:^j-a aLsJLJI Jt Mia ,jj^~~ '"'JJ (_£j_^jJI /<u-uL) l1UJl^= i_3j_*j ^Jll Ij (Jill Mia a.\jjx-u^i\ a\jxM\ 4-J aX i 1 1 LajJ 

(<_dLa*VI 4JJjJt) jf ,_KHt2i|- f 

t^^-a (~\-V) J^— » lOLJl ^_ TClisji,! AL^till ^JajJLa (jj*^-*"" 

4JL-LOJJ (i) £ (l." 7- ' ■■^— jVI) jl ^ I" ' "VI ,aLa_i^ (V) £ ((j-' I" ' "VI ) Jl (j* 7- 1 ■■^— jVI ^Laj-a (Y) £ (j a j 2 1 , 1 ( \ ) 

\~\) j-^><-II (j-a 4_iig, (Jj"i i n \ j (^jl 1 11 \ ) (yJLajIi t_JjJb -Sj>JJ £ L." ~- ' a^ajVI ^JLu-ajJ ^j^a j_<^=l j^^J (j-\ I" 1 11 VI 

.(^LaVI c_3jiaJI IsjjMS (V) £ (j^ ui^ajVl 4JLu-ajj (0) £ i^=pjij,l aJLsjJI (jr Ll J>jA.jJtl 




o^UI f UU 



AL^till (Jt Mia ^j a ■ 2 a (l-V) J^— » ■"■ 

UUtiii aILU) jf ^Utiii (_>«fj- ^ 

aL>J J^Lms j>LjJ (V-T) J^slAII .<4-aL>J jlj-ll (JJl»J,I dUm i_x^o> j-cAlb aLsbUI (jjilj 

. 30mm - 0.5mm £yu \ i <^^.„ ^ j^\ 



n 
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20-30 | 

14-20 | ^ 

9-14 | ^% 

6-9 | > ^ 


1 

3-i 


J 

I 


1 

I 



. 30mm - 0.5mm £ru ^^-v- 1 2 ^ cP^' ilP^' ^LadJj-L^ia *L>J JjlA^ (v-r) J^=uS< 

i_3j_L (o) tila L>JI Aj^jJI (i) < ^^—^" cu a 4-lj.aLi-a (V) <lal>JI £2j^. (Y) <(jJ9L>JI j I t- r-a- Mill 4Jbj£ O) 

.4-U^iill j| .aUelll 




a belli JxAa (j^lj (A-T) J^-imi 
aI JlJt" i nlj (Jjl JlII ^jjjjj iiaj| CjLJLuJI Tc-uisjlil ((^-V) J^— » iaj| ) ^L^jl » JlC a * * ' a U Cjb==j_<ia]l *-iisjJ J 



.i_3j_LiJ| | juk 2U,,.lj< L^jUkJ j ^-. a 1 1 jjUll i'Umi J! j^ufuJ (ola ! 1 — "\ 



iV 
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aU_l3 ^j ^-— » ' La J— JlC JaJi LaJ I p i a * a _L_Lc ^ la ■ La ( ■ *-j ^Jl_!I (jr\£e m^aajtl Jai La ^1 1 > i luJ ! Z.J St 

. (jj>JL> Lub 4_Lc j^-*-a (j- 1 -» i ..^-.jVI i La » i a ) L>-j"i ii a (j- 1 -» , „^l-.jVI 

h ) 4-l.l.u-U jj ^— J mJI JjLt-La i_cg 01 (jl ^— I jl J .icL_aJI iL. '— LLjIlu-U fj*-~ , ..^—jVI p_3t>. Jl jjm'J '. \0'l 

.icLcaJI iL. i>l"n'^l £-a 

.AL3tiII i— SjJa (0^9 J J I j i mi J 1 




AL=tiII J-t-tiu-a (j-ulj (jyic S^jjU« >LJ9jl (W) J^— > ui 

flJX.L-ail jl^ilj iaLca^l <jJ-*-a- V 

^ a i nJJ .(*(J-l') i^Li-a 2l (jJ-ta (j-aj (<Laj^tHI 4jL-ajJI (jJ-*-a ) ^jj/Luu^fl (jJ-*-a ^j-a ALTtill 4JaJL>- jij^~~ '"'"' 
jLll>-I J-qThj j .y-Li 1 nl jl LiJU 1 n CjLiI J^— » ■"■ (_yJ-C ^1 jj 1 u2M ^_ Jlj>-jjj ALstUI 1 *ll in /<l-luL> <Lal_La *J ;jjL*-a 
(j-J J LaJllI aL^kJ) j^jJI aLseUI </«_3eUI ^j_a ,jLc._jJ ci]L_akj < aJlst" mil aL^bI!! pj_j (jr lc ,*Lje.UI A^auu ■ ■• 
{j^a <JJsl (JjJLifulII ajlj-j*. CjL^-j.} (ja ^— " LajL_Lc j^».jJI aLxUI aJlJt" i uJ li-^*- (iJ$J»l aL>J ) JlI LaJI AL3tiIlj 
jij^~~ '"' La J_Lc a JlJt" 1 n )J L-kjLi^ailllj JlJ^jjJI (JLcta ^_ jl ioujI j '^— > VI _J^2 'I LaJ I aL>J Lai <Lj_j_la '*-»-jJ iO * 
ALrtill lLLjLllu AjjL^cjJI s-1 qi » VI ^j^» ' ( i-V) (JjJl>- (J-uj j ^5^° ^-^-J-S V * * (j -0 Lr^- ' (Ji* '"'"" 'j'j-* - <— '""J-^ 

. /(fit Jl /CD ^ AjiaAll 4 j 1 n't rjljJJ ^..-l>. ' a-t-t^alJlj J£>-<lII IL. AiaJtlioI,! jJLuaJI 

(^a»>L*Lt| CjljicLuu-a) SJl£.LlJLI jljJll- (_l 

JlcI 1 n" j aL7cJL!I ^ 2 La * a J ! i_3Ltiaj (jj^r 1 u a «LLuk JLc ^Ij-a (_ 7 -^>J ' r^>-M^I dll JlCI i n a p_ul L^-ilg (^lLaja 

^ 2 La * a ye-La luJ 4_jL«j^ J^-i luJ I -i ^— .Al_3till jL^ol JLc CjVUkJI (j-a*J ^4" ^^-^ ' ""' I <*£=> aL^JLII (j^ '"'*'" ^4- 

jl Aj-reJLU (JJljlII pj_i ^j_a iL^till i_3_aj_la i_3^Li>-l— 1 j J LaJI dll JlCI > n a • ' j/~^j~ (_aJLlJ>oj j j LaJI «.L<3| ALstill 

.alsbUI CjI JlC.Ll.wJ jLlltwI J_lC (W) J (o-T) tJ-djjL^JLl 4Jl ♦" 1 11VI J ^- ^_'J .ALseill 4J*U- j! iaLLa^l ^J^ta 



iA 
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jJL^JI ^UJJ! di5L^aJ ajjU^I *U*i,Vl (i-r) J Jt 



o • i ^1 , ,, ^A~ , ,, 


• i Jil.„ ^1" .,, 


• i ^1 , ,, ^r\", , ,, 


• i U\ .,, ^I".„ 


* 1 Jll .„ ^£l" ,,r 


• ,J_u-u^i=j_j| 


• (J_U-U^=3J_j| 


• (_}-u-u^=3j_j! 


• (J-U-U^=J_j| 


• ,Jj_<_u^=3jj| 


• ^jll aim 


• (_£aJLiL_u 


• ^jtl Al ,„ 


• ^jtl *\ ,„ 


• ^jtl *l ,„ 


• i_j- -r 


• i_j- -r 


• t_j- £ 


• t_j~ r 


• t_j- r 


* J& lX«l 


- ^ lX«l 


• £* iX«l 


• J& lS^ 


* ^ lX«l 


• ^^ J-"-" 


• ^.JJ J-*-" 


• ^S^ d-*-" 


• ^S^ (J-*-" 


• ^.JJ J-*-" 



i^ 
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jaiaADI 




'I <^»tl iLstill <_djL±j_u p.; "■*'*' (0-T) Jj^ 



(_- ojijJl! »jl_^>JI i»-jj 


/QJV^iiUl JLill (rifl 


g-Ajitl u>^ 


"Cj.i.v.ti 


ttl.<«JI pUMi^u,,, 


850-1200 


lot*" 

F-SH2 


i d ' **» <* )~^>~ 1 


\\- 


L-CuNilOZn42 


<Vo«- V 


F-SH2 


TE-jlS J-3J5* 1 


900 


L-Cu Zn 39 Sn 
L-Cu Zn 40 


20% Ag . i~ :.v««i~t :<£-..,... 


500 - 800D 


F-SH1 


7c3La j~ajs*i 


Ai- 


L-Ag27 


J -VJJ V 




tcjLs 


A^ • 


L-Ag20 


Jl-^-^j V 




lSJ>^=>*^' 


vo- 


L-Ag20 Cd 


3 ^i3 i -" i » ,i,i '' ""J j"'~-"' ~ ?-0% Ag jjj"« 2,x"« ,1^1 2^-, 


V0-- 00- 




Jj^Lc. 


v^ • 


L -Ag 2P 


A 1 ->- 1 1 1 2 £— 1 II... 4 1 J 1 , „ \ rt JJ /l , „ * 1 1 ***}> 


V0-- 00- 


F-SH1 


lt^j^^' 


610 


L - Ag 40 Cd 


a 1 ~- \ 1 1 a £—, ,,,,..1^,^,1 ; J . -*. & -s. . \ v rt aj i « \ 1 £—, 11 ;, „ -^ , 


^j,;IVI 1^ 2^y,^tl ,l->-ltl 2<i— 


OV 


F-SH1 


J^aLc. j-aj>J 


590 


L -Al SI 12 


j i.i ,^sStl ,1-wl -, . ii.-.„"i * • I . ,-,-w" J li.Vitl »jlj^ /-il-^j \ 2 »l»ltl i;<- d'J •.U.-s.V 

ll.^tl pl-»lll 2^U p.l^.",,,'i > 0' f . Jjj'a J^i.Vltl «_)lj-- /-il-^jS ll<- Lai 


JlLlo j»L>J = H 


(C^M3 JlcI i a a = r 
jlca j»L>J = H 
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(CA**- 00 • ) (j^o SjJjJtl SjIjjJI CjU-jJ JL*J. <aa-Mj JlcL^o F — SH 1 

(°Cll— vo-) ^ijh^ijl^^jij^^yu j^l^, F-SH2 



Cu Zn 37 F38 



yita 21 (jj/L^e-dl ^j-* 3 6 JlLl^J 



fL*JJI i45L^ (vr) j Jt 



^|jL5elo.VI 


ii«UI 






Cilrti^ 1^11 j-aj 
■i i . dl ■ /til 


lilj^JL) 4-LaL-K.U jVjAJI L-^uLJij 




FSH2 

700 - 950 


\-- 


L-CuZn 39 Sn 






.-.LaJJI J^Luj 


\-- 


L-CuZn 40 


<LLflL>J.l L_<-uL>Vlj Vrh 1 ^' S-^- _3 jAi^Lj L^Ljfc^' 

LiLijJL 






\-- 


L-CuZn 39 Sn 


-%L*i!l _ur_Loj^_! 




^jjj_J1j ^^uLfeUI J Jjjj-LaJI j_ffejJ1 JjJlJv-j jVa-all 






\-- 


L-CuZn 40 


jj ,i , „ ,i 1 1 j ^j. u L3c_l!i ^ya U i taJI sLrtlJi <_£1jLlj_u 








V(- 


L-Ag 2p 






F-SH 1 

°Cvo-- 00- 




J uajaJl ^j a )l j i ^ ijfl j • -^ A -»■ , 1 


jJl^JI ^LJJI ^liL^ 






J^Lll] lajLai ^X^= J^a-tUtj jVyJIj fjiUVl 


sLaJI ■* wa i &J l^j ' ' j J ' J ^ l 
J^~* ■"' " rj -- < ^- 


L^3 F-SH 1 ^>JI 

Al, Ni , Cu, Fe-Ag 
"CA-- 0-- 


"U • 


L-Ag 40 Cd 




jLiul /ya j^jloj ■ ' jln Jaj-uaJ 


' l" 1 JJLG3 -%L^,J ■*■'■" 


1^ • 


L-Ag 40 Cd 


cilii'S-.lflltjd^JI (.1*111 <oljU<JI 



t>\ 







J^— > ifuJI £_ I -i^— L^a.1 uajj ^j^— > i ' ( ilajl uaJI dll v^'" j aLxUI (JilLii^a <_. *JL»- J I Lfcj^jj aJ^UI JJulII 

.0-r) 

/- i "^— > »'l ' 'j''l aU^a *_a J_ruTu-u VI JaJLjLa p la * a ~ ^ 

■ i "^~ » «JI ' 'J'" .aLa-i^s *->a £>< -»• i a^aaVI JaJLjLa p la * a ~ Y 

.(j^ I" i "Vj Q^ "*" ' "^3 a VI p_Jaljj>- - Y 

.aLxJLJI (Jji mi a i—SljJal *_a ^_>iajJLa - i 

.jLkJI ^>a- 

.(CiLu^) aL*UI L-£jla • ala-La p ala~ "\ 

■ i-illm iiiji - V 

.(j"*-*U Jjlj 7r '"f>^-> aL>J ajUaj - A 

.0.5 kg AjaJJ Aljia^s- \ 

.jUJI i»J jus- ^ • 
.0.5-9 mm ^ ^lyvi .'U.«l Jl j^MJ aJLL^JI (^j^I) J^MI *_al^laT- 1 1 

•l^J'J-*" *— 'J^ 5 i—JljJS jt j_£>jJI ^j^a (jl i liaiL) aL>J <UjUa - ^ Y 

.( Cr <jj|jJI aLsbU oVLa^O Jlu-u (^jUta- ^Y 

.aLxUI «.Ljj| (CjLuj-ill) aLxUI i—Slj^sl I a-JaJLl! <_ i At-*. <Lajj9~ \ i 

(Zj>L±l\ SjUI) aUJJI £L^f - ^ o 

.liLu/La j I i La 2 1 a ~ \ "I 
(StOOl) j^Jal! Ju.ma jj JlJ ^^j^s" ) V 



ey 







^ujji^jI^Jj jjLt(v-r) J 



^-i.t. 



ef 
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:(Y) 






.(Y) LLjjjJeJ,Ll uk-p^l i_^.UI i_3>Lc.j 




^LadJIc-yKn-r) j^-.,t, 



J^-* '"' ^-£9^° 4-*- J J Y ^ • • ^Ij.s* ' -j Lll j ^— >j a ^_a 4_)jia 4_>-j J YY • • (_yj|j^>. «_ Lj ' ■ j Lll Ja_aj^jta i_a_L>-j 
aJ^Jt 2— ojlj_r»JI <Lj>-jJ J LaJ jl ' -j Lll Jaj)j_Je.L 4U i*iitl 4 ma^La ?-<^-£- oj^j—us ;*•"'" ' " i 1Jl-i4> (j-«J -0 Y - Y) 



.j»L*JLII 4 2 La * i ' 4 2 La * L| <?Jui /- a i rnj (_P-!lj <- '(jHI dajj^jia i *l^- j=>L*UI (_o.J jjj 4 (^y-J-i V I Li>jL>- (J I 4 2 La * L| 



°Cyw 


°Cyy-- 


°Cu-- 




^UJJI c_^J Ji.1 j Sjlj^J! ^W-j-i J^Lia ( 1 Y-r) J^r;, 

■ Of-V) J^-i mi 4-7=-^5J^ U^-> fl^Jl 4J^Lj (J! (^JLL-uf ^i.i^-tjVI -»L>J (_4jJ (<\ i ii 2j 
j-i-C- ' ; 'J Lll uLs^aj-^ta 4_l3 jj ^~*JJ L^ I" ' "^ I 4 J ' "'' '^ bJ 4i}-' L^ 1 -^' (-igltl j-4> J : (/OJaulU) q Jj ^— > 1 1 <_ j^JLII ~ ^ 

.^jjJJLi jlj_*3-VI 4_JLc t_J-tjj LaLjj 7z-us\j 

ilsjlj-ieji 4_i3 (ja ^~-JJ Cfi I" i "^fl J l." 1 ■*- i ..^—jVl 4 i i nj 4_l3 ^jl < ii"m (_£JlJI ' . i j Ltl j_4> j tjJjLtlil (_^JJI - Y 

. i _p3l_uJLI (JjLo j <-f ( i — > I ^jjJ I j LaLa-l L*-iisljj I JJi^ta >. r^UI 

_ et _ 
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..iJSjjl! LijLi-a 4-i^Jj Jj^tl Ig. j ,^3 1 4_if V| Ltoisljj taji^ta 




^LtUI c_y! ^ jUJI .1*1^ i^ j-afc.i ) r-r) J^i 



a 
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Jl_j^jjJI ■ '' *t p J' jjj ,j a L_jJ 1 \ • t-»« uaJI CjLi—iiaJuo J^_i lis J ,JL* Jj j! 4 Hj^lo <L_3^j<-a • 

. Jl-l»- J^— igij AUtill <LiJU-c jL^JJ <fr ' ' 'Hhi^ 3 -^J 
LgIL>JI » a ^J-^ 3 J aLsbJJI >— j-J ^jjj^— •" £_ <L«jI Mill -1 Laj»2fl ibj^ta • 

tj—L Ljj d)l -i kill J i La 1 1 a j ^ " ' "' ip ' ■■ i -—j*' aLxJLII jl^>- (J I * uij d)l aiaj- jL>ol ^j^~* a 'J 
.Jj-uM-" < La i ul aj /<uLJ9 J^— » ■"■' aLsUI 4-lj-C (_yic- Q^ I" ' " 2MJ j." 1 -» i iAj VI 2'<ljU , ,.l O-U - ^ 

.~il*iljU,..VI cjLsL«j-a ^L*^>- ^tla^.1 <_lLa - Y 

<J Al<- I •<£ r-L^ujVlj jLl*JI Sj LaJ fl) I '^-3 *j"^ (j-dlj-uVI 2'<ljU , ,.l aLjj^j 7^^] ~ ^ 
■=* ale I /<u ?-L-ujVlj jLulII -Sj-LaJ aj i '^ a *><-^ L." 1 "*" ' •■^—'J *' 4Jl 9-La ■ ul aUj^ T" 1 -^! ~~ <L 

jUa-i * La! (Right-hand threads) <j-«jf s-^>^ J- 5 £,»"?- -"^-j^ ^lala LSjLj j-^=j U-^=j t(>ilm^l 

.(0 i-V) J^uSi j-LaJl) .(Left-hand threads) ><-ujI s-4^ J- 5 Q^L-uVl 




laJuiaJI fjila (U-V)J<=u!« 
4 ale I /<u Ltia^J dll -i ua-Ul (j-a r-\-ui_j Vlj jLtiJI -Sj-LaJ dlLJI aia ■ uVI ^j-u-iLta 7tl3j 

.oULaiil rjU^j j-xj (Flashback arrestors) ^.-^u.ti ,., 6 m dUU^ da-yt 

jl 3jj^' OJ-^^ L^jI_o>J 1 Jl i>LjjJ^?l x—a ij ,„^—»tl ( . , j Itl CjLaLa_ca r-jLita «_a /*ulLsIj^>JI iia_ijl 

_ «n _ 
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tj'jj-i x a i ■ ^~~*j" Q^-Se ■■■^— >ajf| .»^a_Lajj>. aJ^oI us (jl J I I I it lj\ ifuifl j J --»■ 19 .(j-\ P in 2) p la * a 

■ 4-g.l i nil <_)jl_ail (j'jJ-S ijLsol (J tt^SLg ' l ^-»J "' (j^ I" ' "31 1 >aJaj_>. aJj^oL^SJ 4-g.l ) nil <_)jLa£. 

.LuL_u -*■ i, ^ i (j| J I luil i nil <_ijLiic i)L>j^ SI ua^a <jL>oI A_ i La a LuaJ I ill I oJa-La i_JjJ jl _Li ~ \ 
.(0 i-V) J^-— ui jJaJl) <uljlaj-u 2I £_ jLi-II LJaJLLa a«.lj_aJ *iiajj £* ->■ , „^-,jVl 2MjU , „l ^Ljj-a 7cjM~ ^ • 




(2j— « J ^— > ] »jj-> 1 a "•» ' jl J S-a-i Cjlj_a Cj^Lj jl (j-Gj_ «) -''"' ' ' (j-\ I" in 2 1 «jj|jja ■■■' AL«_Li5 J" 1 -^- 2 ! 

7tj_3 4_x_ujj (( ^ 1-Y) J*^-* '"' j LaJl) ./<u^La aLjj^s Ja 'j ?-LLiLa j| Li ^j a 1 «a ^- 1 , 1 ?-l"iiU (Jl ml 1 uL) 

2'iljU , „VI ( _L%.|j 1 La * < a, 1 1 Lu-La 1 LaJl LaJl j" _^" J '"J a t£]j_3t!L) <> Mj U . ..VI ^Lu^o 



n 




( W-T) ( J^a_iiJI IL. (j-\-j_a j_4> l_a^= ^y^^ J ■*"" "1 *d j I 2JljJl»- C^JIj= I jl TcailL) /0_lLIjJkJI 1 aiaj~ \ Y 

Q-" i^ a ^> '"'3 -0 l^- 1 - 1 ij' oU **- g- ' '■"'' ' 'jl ag O'JJ-^ ^1— ""^l 4r ' '" P a *— ^3^ J-'J^- 1 L ^*-Jj ( <k -^ii 

lLb *'* (jlj-J Sj ifgg s jJL /<utLalj^>JI 1 a Laj clLJj JlJ£. ^ PSIG L-Lllo i_*J jjcIl! Li (aL»UI) (JjJlJuIII ilaJLLa 
Liai La •- 1 Laj (jl ^Jl <£.! 1 nil (_)jl_a£. (j'jjjJ N ' '^** a i>L>ijl ^r ' ^ P ' a '—^3^ ^hii^ ^- ' (*^ O^J 

.• PSIG( r UJJI) Jjt.V.tl 



»v 
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^IjJJI i rtjl^n (w-r) J^=ui 

./<U^La lLsjj *-LL<La (Jl ml i nLi ^JLllojj (J^= JljS/ lLUJ Juljj ((18-T) J^— » loJI) ^_ dr*-J-a 




aLxJJI (Jji i ii a /<> i n ~*-_g P _ J (18-T) ^J*— i ui 

jjjjIj—II i_3j La (J^-jl ' a ^^^ "2-* <^> (J I o*" ' ""J -ij^.' * ■ <_>* "^' p ' "**- f a , sell I (j-ulj L * 3 'J I - ^ £ 

lLs * a ^ L -^' ** *° ' "'J.' J ^ ' . I IijJ^i-2 x_a jt ifttXI (j-ulj 4-Jj-aLLi5 Jui lLUJ Jl*-1 (JjufuJLl /»> i n~>- Jl ^ " 9J * 1 1 

.((19-r) J^=ui) 




Jjuidl ^im-wj f LaJJ! u^lj (19-r) J^-,,i, 

^_ 't"» ' ia II jO-ka-La c_<JjJ ^JjJiJLi lLUJ j (j- 1 se ■ ..^-<j\t t (aL»JLJ|) Jjt ("i"itl i La » i a ^j-uljiia j_ili/|_a i La uis I ~ ^ 
i ij lUtl iU. . V-tl ^J\ Li!j^ejJLi (J-ti i*i"itl JaJI us ^j-ul jiia > '"'I- t J^J-> (jl (JJ 4^.1 i nil (_ijLa£. (j'jJ-S ijLsol 

^gjijjiii'^ t Sjjj (A/Q jl jJLu (j^ijrtt.1 (jr Li .a^vaJLl iryr in^-tjVI >La^3 7"M -(V-T JjJl»- jJiJi) ^Ueil 

_ «A _ 
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^J\ fj* se i ..^-<j\t t Jjt u,("1l ''-"■♦ La > <"i%->3 fftj-Ia *"' J^-C.1 (aL^JLII) (JjJi (""ill ilaj »^> ,j'-~' A^-'.l JJ lLLIJ 
(j^xaJL I (jr JLc .i^»-ji,l ij*-- ,„^-.jVI 1L4X2 J^iLci (^ ((20-Y) J^— .^.tl jJaJl) ' . ' j LLa U ilai uaJI 





M (0 

tj- 1 -» i ..^-.jV tl Jjt mi" i La » i a /<uLksJj ~ <_) ' (j- 1 -» ■ ..^-.jVI ^La.^ - | (20-V) J^-* ui 

.(j-t^t^o^=j "ill aJL^Is ^j-oAJj (j^ I" ' ".^J VAL^tl!!) (Jjt i"i"itl 1 La » 1 a ^j-uniia j-£u|-a Ja ■ 1 a I ~ 16 
L^-i (jl_^= Ijl Cj^J—lsjJI J i*ii j (jj." '-"" J *L-l' Al JlJt" 1 iiU Cj^J—lsjJI j /«_Llalj^>JI ^j_a i_i i> 1 n" 1 1 j.ll>- I ~ 17 

.L_lj-UiJ 

.JuSljil oljUiJI jC J ljLIaJjl c> aJI- 18 

j la-ll) »jJ-> (A/ ^ ) jl J *t (_)Ja-i all /- 1£ J>j^>-jJU ^j-\ I" mVI a! q <r> --" aj <_d_Jj ( <k -^ii • ' 'J "I (J-*— "<l ~ 19 



.(Striker) i^L^b/VI jj-JJI ic^j iLa^J^j jliJI J^ilj .(YY -Vj Y^-r <£- 



^uU 





/_H». «.Ja_i_l £ ^j^' SJLl (jr-^ 1 Jj-»»4JU L." 1 *- ' "^~~ »J *' ALa_Li5 7^J-2 (JM->- (j—a LiLI j /<u_) J : ( -j UI Ja_i 1 a f 
(Jl ^Ll J £ }ijl_a LiLp-i jl (JjLtlil c-Lg UI (jr lc J J i^i-a-U c-Lg UI iVij La /<u_J («_J (j-a t_ig UI J i^ian 
.(Y,Y *j^>J|- aLsbUI <_tjj fjj^yi *-3*1j) 1 a-ci^alllj JlJ^AJI 4- O^LAJ' O^J-^' L ,3 - A Juji^zsjII 



20 



M 



&Lx)l3Jb->!l 
lluLjV|j»L*1 
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^LxJLII <-3jJa A_^j^ (j-a JjLh-^VI 4- ^ J JJ V (-t^ill (jl ((23-3) J^U jj|) Tcjisj^a jjb U^=j oLita I juk 

. I j * a <i3 1 i n a ( JT lc jj-i < 2 ^jIj Ll« 

a! i lLsJI uaJI d)La uaJLa -^ jL*-ll JaJLis p^'-^*"" ' I 1 J^^^~* jl L." 1 " ' " * ' J I L." 1 ~- ' "^~~ »J * ' ila-Lia ^j'-^'-J iT- ' 




pUJJI ^ JL^^.1 (23-3) J^-,,1, 

:jlj, a"(i nL ALseJLtl <_tjj jaiu - Y 
IL. 4_Lj-flJ,l sjLjjJI pJi <(>!" mVI IL. 4_laj-flJ,l «.}LjjJI (_£J ( ^ Ul j-fljax i_ijL_l1?L) 4_dil jJl-jJ 4_jl (jr -Lta-> 

. IJl^=u4>j < t j' (J: *-<- a ^ = iVI 

. Ljlj3 I -i 3^*—" jl ' '-^ » ' -" 1 1 /— aJa-La Jl»»| A_ LLaJLuaJI A_ CjI^_»Ju -Sa^>-J •« - ■ '" m 

( _ r -i£- J z JlLjjj zl (j ^~* a 'J ' JljJi . JljJl>- __>->- 1 p-Ia-Laj CiI^-iATlII <?Jui A_ i_ 1 1 1 n" t, I JaJi iJaJI p-Ia-La (J J i" i u < :r-^L«JI 

JaJLuaJ I Sj j - *- I Cj|j_ilu|_d ^^LsjjI £y& JaJLuaJ I ^_ CjI^_<Ju J>^>-_j 
•.gJja-ui^-jaVI 4_ iLj-il,! SjLjjJLj jj-alj t-^J J J J.iL*2l,l -belli (_tfj jjJu - X 
jLtll (J-L^Tli p-J (j-^J tCjjIjjl JiJ9 aL^JLII (j-"tjj i— 3j_La 2jlj_>- A_>-jJ jjj l =H a1_-^-UI 4 .J q<* s-Lul 4- :<— i i, mil 
lLs-j La j-u »" (»Jl-C p-^-J-J tii-!j ( <k -^ii .(j^*-^^=Jzl 4 j mj jl jj_j ^LlILij ^ I" i nVL) .il J^aVI (_La^2 

.AL^eJUl j t i ii a ^^j^aLaj-a 
kl— ±>J Jt i"iU ^j -^ ■ 2 o ' Jij^.ji.1 (j^ I" ' "VI jaLa-1^3 7tH3 (_o.J 4JI j^^LtaJ (ALaJLJI <_x-J p-iiaJj SjLcl (_o.J :^M-*-J! 
■(JjLClU AL3tiII t^-ijJ UJ^"*"" tj' L^l " " (j^l" ' "VI ALaj-a t3^° L ^- i J-*- 1 ? (j-\ I" i nVLl jl JuaVI Jjj-l 







j«|ju)ljJU«l$»fkbsJ- 6.2 

- : (_y^- SjjLaJI LiLijJ ,jj^~~ ' ' sJl>-jJI ^Jub J -y^-." Lajtlc 
a , :- A 1 1 j ^uL?e_L!l jjJLiI 1 1 nl <LflJuie \ I aL^I!! d)Lu a-g <l3j-*-aj • 

(i«LJlLII *j^>JI jj^a A 2 j 2 a II !tj>.lj) ALaJLII ly 1 —- - a '" j^J*" ' • 
._U_L>J! « U^ll jlIc i_(_uLJ^/I i aiaJLa • 

4_«il3 aL>J 2jJi^J • 



\s 
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J>J \\Y 
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((Yi-T ) J^i^ji^l) :J*jlJI ol^Li. 

i <_uLJ j! i a La * ^ (Jl ml i ill Jj_i^_k> ^j_£. <l_lLulJI <jj_fl> (<u-JJ 'J J '^ JlcI > na *_ iisj J- 1 ^ ["J ' " ' ^'^'- : '*"' ~ Y 

« LaJill (j-a 4^>Jl_Lll CjLsL>JIj jj>xll SJIjV (Tube cleaner) 

I > LiaJl j Ojjjl jj^a re La ■ u * I jii>- (j-« Jl^=QJI "~ 1 
Li ...^-.jVI jj ^— " ( j_a I gJLe Lsl fl^el! dJJjj L^aL>J -ilj-U 7c-La_i-u^l (^yic (. 1 inLU,! j j L<aJI JlCLl^o «_cb — 





M 





fc) 



0) 



CjMjis^JI 1 a-tlalij JiIJl£.J (YL-Y) J^=ui 



IT 
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I rtjnffitlj JUjyLjt A. LUJ uUuLul ( 2lUJJ )J4M 







■ <La^ i ntl ^j_uJ^La sljijjl ~ 1 

.JjVl 6£>4i!l 4- j-^=-> L*^ 3 ( Y °- r ) J^=uiJ! ^_ otLb^ll oMx^yi i ala^ - 2 

.T (Tee) ■ *j^ aJLsj 4, '.•-.'* '^ J^ ^ p"' ^ Y ) J 0) v..'*'^ 4-j-k cr^ J J ""^ jLg -^ '"* g- '^ ~ 3 

. <J-a-*JI 4_JjLLi <LajJLa (_yic 4_u_ulj "J J ' <a ' L#-«L><J -i'j-U Cj^Lj-ajJI ClU ~ 4 

(j** I" i "I ,__, . ..■^jVl jl j-»- (Jl t mi] aj-iS ^Jl *_j*-Ij) (JjLtLa <_ j_J Jl ' . i j U| i La j i a I J aL*UI (J-t-iTu-a J* mi I ~ 
.( \ ) AL^till 4 aJaJLa (JjJa (jr^- CL)-^ J^~* '"'* ' .' j ' L ^i> J>,, - 1 >■" Lj-LtJI 4_L^3jJI {jse^ui (d)l o »>> /t I i La ■ I a J 

^ frj i_«Ja-aJI jl j L<aj| ^>-J^ JJ aJL^sjJI ^jJe i »" Lajtlc aLxJJI aJLsj <jr^ ** ua-aJI ,»L>-I (tc_u-u) i s \\ < u f-i-^ - "V 

2jj)j lis 4_kaj*-^La * a (jJL-<.U jlj 43-1 

■jl i n" a (J^= '"''J J^~* '"' 

.LajJUl (jj« O^L-a^JI clLs (jjj (Y) uj^jJ^I ^UkJ (J! 1 J ^"jU-Ltl j^f - V 



4_J^jl jJI 4-L^jJI lLsLJL) *_L4J>- ■ Lg ■> I ■»■ 1 1 1 d*^— iji , „ ^jL) 



0)fUJ 



) 



_--l! 



T-nr 



(2) r LJ 



/ 



Of) 



(Y ) (jJ>-4J Cj}L-aJ (YO-Y) J^-i M! 



mt 
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(Y)jJ>3 

J^— ifoJI IL. 7c_iisj-o ^_a> I -i^-— T (Tee) <-2j-^- aJLsj iL. ^>>^^' <_J*-sl r<^ (y) ^j (j^Utlll SjjjJi ■ alaj - ^ 

.(YVT) 

j j LtaJI JlCI i n a ^_ 4-m^CI /«3 ^jj/Lx_dl (?e j i u) I'llm i_3jJa ^jse-uj J < '^''' (J* i"il - Y 
^j-uLre-LlI (_ijJlj Lt"^*" O-"'- 36 -^'- 1 f»Lseij| 'Ml in <_ >>J3 /«3 aLxJJI i s \\ i n jl j LaJI 4j>-j.} JJ aLsJLII 4_Lu3j ^j^ 6 -" - Y 
«U>-jJI im^C- j*Lselll 4 jj <yg /<u-J j_JL>-.aI_»JLII 4-Lloj (Jj-^ 1 *- '-' ' fii-ZLa J^— » ■"■' Sjlj^>JI x_jjjj 4 TJ«-*-\l ^ *_a 



0) f UJ 



) 



---i! 



vV 



i 



rr — n 



.V 



/ 



(T) fLJ 



(Y) 



(2)^UJ 



X 



(Y) 



(Y) (jJ><W CjM_i^sJ (YVY) J^-i ui 



•u 
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J^— » '"■ ^_ Tc—iisji,! (J j >U (Jl ot"i i iiL) (J-j^eliJI 4_lLi£. (<u-JJ ■ j ^~ > uotil {^yaJiieJd, I jLlLJIj ( _ ;r JL«JI Jl^j>JI Jj^so 

.(yv-y) 




aLxJJI Jl£>- <Jj^>-l (jrW^^ ( <U - U J (YV-Y) J^-i i"i 
. I^JLi-ifuJ iJL^laJ Aj^L^s <^'j-i (jr^C- O^""""' (^ ^° (*L*UI ^-J-*^?- (jr^ 1 (J-**-* * ~ ^ 

J^ uJI jJiJ?) L^sUJ jljJLl S.Uatl j J^aJI iJjLUj aJL^j^ t^jVl j j-^lj-JI LiJ>L^I (jf ^ >^-,f-,t|- y 

.(YA-Y) 



fill 



u 



7 

:: 



(^j' 



j>^* » c 



£ 






J^. 



Ji-Ju -< < U » 



& 






(^yjLij^^aLlI (jj/j^JI aL>J Sj^l-i LLaJaieja (YA-Y) J^— ui 







^j_a > ^— I " 1 1 i dJj ^~-J .4_j_)Ljj 4 <^-.-».* oj j 1^.1 \j^~ ^— tVl ^LaLso J.Laj^a Sap ^-.tVl ^j ^-^a Jl^=Q!! - V 

.iUtUI iLi^nUj Ol vj^-^UtVl £fJJ aJLsjII 4_uL)j_4^=l!I Li]}L*Vl i-a^Uu 

jij ^—>~ (j| (_cjvj 1 -i^~~' (J-a-*JI 4 2 La * a 4_uisjl (JLc ^JJJJ _jl (Q-a- i"i jl 4j^1sj jl «.La -S_j^>-J r*^- Ch" J^=L^' - £• 

.JUlui^U aJL)IJ9 j-lC. <UjLc 2-iLa {_ya Luisj^l 

.(JjUlII ■* 2 La * a ^_ 4_i_ujl_La <L)^3 (JLc Jia uaJeJJ *l_a«JI i.'Tm fj'j-" u j* '"'"~ ® 

.?cJ! C/*uLLaljj>- i CjLJI ala ■ ul ^j-* 3 jL*-J' aLsbJj (j-^- 1 - 1 '- a (J-^ 3 ^*->' - "V 

(jl (j-a jL^=bJI lai La^= Jjp^aj'^l LiUjJ i_.-mLUIj-LLa^l j l-^LUI JijP^ajVl jLloJ <>a Ji^=Ll!|- V 

•U~* '"'"" ?- t ^ 2 '3 Ar 'J j^~* ?"l"iia 

■ «LaljLsr"nnl aJlC aJL»- IL. ^T (jL4=La IL. \j^"^—WI J^sL»- «_ub _ A 

.(_La-*JI «p^ A->L^-> J 4 "- ' u-aJI ap3 ^_ j-^ujjjJI - I 'j j ^— » J I 7-LLiLa ^-2Ja| ~ 1 

.(JjWlII 4 2 La * a 7TjL>- j »1 Lalll ^j^a j^ i"itl «_U (J It" i"i^U iLLs j_i£. SjLluu X-t^J (j-a I '—^ LHJ I ~ ^ * 

.L_~x»Jl 4Jljl j| aLsbUI Jil£. <t»-_a]l JjSIj j SjLtaillj LLsljLiaJI j 5Jbj-ilj jLa^fl *l Jl>- (J-ojJI - ^ ^ 

It 2 ,^,,^,^t I ^j^— 1 a VI £ qIjulXI ^j^^" j J^«tl jL4a a ' alaj- ^Y 

2UdftL4l ulj&l j JiaJI- r t r 

aUJLII CjV/^a - \ 

^j_a 4_Cjji^a jj_C ajLiC Ly-^J ' L$^ Lj ^ >t !' ' <12Jl ' /, a ' n" JljJu>JI ^j^a 4jLUa^ ^j^a AL^till (J^ta ( '^~^"j^ .4^aL«JI 
4_2j^jj ^j i » ^— > CjLiI jj_C 2j1_lC Jj^'' '*- c - J^ 3 ^? 1 -^ ' ^ LLJI_aJJI ^_a (jLkljji^a LJ^>. i_3j^Laj <l2jj3jJI 9c_il 2 LaJI 

SJLila cjLil jj-c «jL±c 4_uliiJI 4_cjjj^>iil Lai .^LtJI i^aj lUI jLp 4_^ i^_ ^-tijj j ^1 jJIiVI i_2JLI,Li (jr a-<_uj 

.(( YA-V) J*^-* ■"' j-La-il) .AL^till jLu 4^j>. ^_ x_iijj j (_£jjI_l!I i all, Li ,, a ' n" A^aLxaj-uJ 

aL%UI jLij jl>-jj3 - Y 

■ d ^-» I loJI jLp (J_J_a^e_Ll aj_2j l^ 1 -*-^' J J"-d-"' ^-^'J^ 3 (Jl Qtl i ill L-i-rxJ J a" mX I jLlIII (Jl ptl i nU AL5tiII Jtl£. 
(Jj^sJkl A J-2-> l -i--f ; >- '<>l>ij' jL>-_jvaj (Jbj^a (Jj^ta ^j-« ALaiill jLu jL>-_jva ,jj^~~ *"'JJ ■ ) a" ' u a jLp (Jl JJpil 
(j •■ ^-»»tl j jLjjJI Sj i"i ^_ 2 jLjj lii i ii a (_}Ja.2ieJ LI Jl ^Ltll Jl^j>JI ^j^a 4 ^— > ■ ."<tl Jl^>- (Jj^re-Li (^Uj^^aJI 

.j a" ' ii a jLp s.LLaC.1 (JLc. (J-a-t-LS <jL>oVI jL>-_jva Lai 
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nj^'^-i tVI (_3^Is Jtl£. ^Llj^^aJI (jjjj^JI Sjlj^>. 5-5tJjJ C 1 \j laJS (J^= ui (jr^C- (j^ J i ntl_) SjLil <>Jl4> IJ^JJ 

jj^oj BS639 ji DIN 1913 MiL* iUju^JLl i^u.L2]l s n fc>;V| s — . objp^aJVl oju* jL£oJ ^ 

J^ j i all '"'' S JJ~ < ~~~^ iVI (jr-^- i* .' ' ' ^-' '^*" J I j^°>^ ^ L> "J- 1 J .aL^-LII sjj-S «Ji^>. ^Jj~'^-—y i P""-"*" '"" J - ^ 
(j-«J (iLaJLII 4-U-aJtJ /<u^HI vju"^-» tVI jLll>-I OJ o<* (J j i •■ ' SjjJiJ ljufcj 43Lal Jiir" i ul j s JX)~'~~ " Pj-> ^J-*-* 3 

E51 11BB [130 3 1H] 

.jLjjJI « Jui j jgj'^-itVl jial (jrs? ^>UJI (v-r ) JjJls- drsidi (^\-K) 




nv 
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J)jP^=xJVI j_Li> (Y<\-T) J^a^Si 



jLlLII o Juij \j^"^NI jU'a £)*J A^MaJI (V - T) JjJl»- 



().u.al) )Ll1II s 



(mm) ±jj " ^-^ t V | jial 



40-65 

70-95 

90-130 

140-180 

160 240 

220 - 300 



Y 

2.5 

3.25 

4.0 

5.0 

6.0 



.j-jUj^^aJI ^j.ijrttl (jlj *"» i ■■!) CjLu /yic. JlcI i n"~ ^ 
J^L>- (2>_a dUj j ^j-L^-j^pjJIj tj-ua- in^aj^l Jj^>0 *_U (^yJj-jLJKJI *lj-iJI (J— <La_ptlU «.lj_j»-^l 4-jL«j». - Y 

vj^"^-» Wl j^uo Jtl£. 4jLJ9jJI CjIjLc. jj^-— "' 
,_)i>.| Jl_i SjJjjJJ CjIjL^>-^(I (_^JaAse-ij lIUJljj -•. u ■ i Jj^_uJI (<mjJ aL*UI »jj-S 3.3^ »>t-i^>JI j^-a aJLlLs jij^~~ '"' ~ ^ 

»j j i -> * 1 , 1 4^=>-JI (j-a (_*jlj^ioJI .Uly.tV lLUJl^=j a jUI 

i_a1j^>jV1 ajjIj j (Slope angle) J-J.I ajjIj U-aj clry-aj ' ^i^'i j»L>J (jr^ Jjj-astU (jl'm^a o^j'j ^JLl^j 

.( (30-3) J^-i,t,tL £-^j^ >a U^= (Tilt angle) 



«i3 l j 




JjP^aJVl J-ua J L_3lj^>ol AJjIj (30-3) J^n 



•u 
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.((Yv-r) J^^jJ^I) *\ir,A\ \ <i A<' H^X\ aJjLUIj 

.iljliaJI '$_ ^-jj^ll jji^it.1 t-Sljlaf Jl^I C-t-LiLL? ^JlJcTll-uJ '.iljUaJI liLjiLa- "\ 

fkLtlJI j»jljjj uUi^U -4.3 

(Jjl—uj l1UJl^= j O^l t ("it I i u i n a Cjlj_L£j><j ""''j J"-' ' 3 lalLaJLI JJljlJL) aLscIjI ;jl ^— » a j ^^ i ujj 

(T^-r) J^.^.tl IL. La^= l-j^l.^jl J^U^jj <L«}Ua]l 



©~® © 




^L j-^aJ I c>"j^l fl^ 4- ^j>UI -iJ^JI On-v) J^i 






'J L 



-L* - \ 



(StOOl) j^V> jij JlJ JuuLj- ^ Y 



.4*3] I ^lj - \ 

La jl JaJiLa ~ Y 

,,-l>. 4JSj La a - X 

■l£1L 11 <Lij^~ i 

. jJL»- aJL>« - 

CjULaJa- 1 



1* 







^b^lj^lJUSl-5.3 

i . i La-SJI) J* Mill 4_*laJ9 j (i_Jl intl <_JaJi]l) SjCt^aJVI ' . 'J'^"** J^ dr L *- a ' j~> C-">«J £j^-*^lj ^rP^J-^^ 3 ^J^- 3 
O-ao fjl i nTij SaO ^— ■ 1 jfl j]^- /TJ-^* 1 - 1 ' 'JL?"'*~ '^ ul l£' A_LjIi^=ua 3j_jIj jj_c m$j i u j i n jLp-II (jl-3 Cc-^a-aJL I 
a J La i aj 4__ulj_& 2^_j*-9 dlLlA jjj ^aj La J— ic a .<■ i ^-j-ll < ■ La-SJ I a *-'■ 4 j ■»■" a ) _ / ■ ajJal li-ll (Jl *-U j i3t " 
Cju_a^l^=J^(lj Cjujj^I jj^a iia-ii> J I (Jj^eluj s-l^tJI <— J "i) - *-,? C - J 'J^ ^ *-^'J3J^ a *"-*' 4juj i nil Cjuj_p^=JVI 
x_aj_p J ■ *" 'J J^~~' J'-^' -1 L-"3^ t — 1 ^ >1 ^ J Ly 1 ' 'J j^~* J Lull }J_i^j^a ^jjLHil *lj-JI fcj-LaJ <>t._L>. < aj^>JI 
(J »-■*" jJsj 4 U i*iitl -^ j j LaJI 4 ^— > j J /,-lc. lLs-Sj ( J^3l i"i< Jj i nj^a S JX)~^~ ' J $ >^'i\ /<u £y*J <■ ajlj^>JI 4j>-jJ 

(4,lt_jJI) i_c--^jll ' ■ LaJiJI »jlj-^- 4^>.j J j < 4_j^la <L>-j.} VI • • ^JJ ( N J;" ^— tVI) c_JL-a]l (_Ja2JI »jlj^>- <*-»-J-S 

.4Jala 4^j_> 1Y-- JJ 

^Lj^^xll (jjjjiJLj aL*UI £_ J-ajJI oljiaS. 

~ t/yjLj J^-— !l (j-ujJill aL^I! <Lulj^-2l 1 " 'I j La -•- II (^yL La-i3 

.4_a}L^a]lj (j-aVI Ji£.ljJ3 f-Lul (j-a jL^ntlll - ^ 

.q^uMil ipJ^i]! j jLUI 3 jui dU j^= j c_^LUI ( ^'^Nl) aL«J]| ii.li^j^.1 - Y 

(J—aLso «.l_ij^^=JI jj '^« ^j_a r-jL>JI ' a j LaJ I (J—usj : 4_aj^UI 4 jjl )j j^— 1 ^ Cj^Li_loj1JI J—cisj ~ Y 
4JL-L0JJ A9-^J O -0 ' ^~~* ' " J -J« u.ill 4 jtiaJa jl J-aJtll 4_ljLLaj x-^-ljJI i_3j_LaJI J-i-aj J ^" ^— tVI 

.(Jt ("ill ^ » la 2 1 ij-uuljua 4_uisjl 
.«.Lij^^=JI jj-ua^j ijJ^Lu/^l (J^u-ajj Jtl£. j-JUj^^s jjji^a^Ll (jr^- '-* J '-^ (J J ' a **" ^ dy 3 Jl^=Lj ~ 1 
aLselll 4_IjUa (_yic Lkjl JlC.1 j L^al_a^>- j^j*- ■ j .Ajja- i"itl j CjjjjJIj ' > < -^* ^ ' (j_a ^i ("ill 4_*Ja^ 1 ^^1-^*" - 

da^a I &21 1 j AjM-ll aI JlJt" i uLi 1 _ / ^J^J I^slLjI (_)_aJLu/VI pLulj 
.(V - -Y J^— i^JI j laJl) tj-\"ij 1 nLca i_alj^>j| j (Jj^a 4jjlj_i ,JjLa ^avl^aJ jfl 1 *l 1 n a ^ ~ 1 
Sjjp ^— tVI ^_) i_ul_aJI ej^dJI A I LaHJl (jri^. 4 la£ L>JL I «_a ^Leill 4jUr IL. *JlaJI j (jj/^a^SJI JU mi) _ V 

(YY-Y J^iMitljia^lUUMitlj 



&Lx)l3Jb->!l 
LbuGVljiL*) 



j>j \\Y 

I rtjnffitlj JUjyLjt A. LUJ uUuLul ( 2lUJJ )J4M 








j Luil 



J 



erSbjd^-itl o-uj-oJI JU-^J (YY-T)J^a mi 

.AL^tlll ijjus^X {_£j^-\ »j_a ^j_u^Jij| 



■ 4 U Mill ?e-La-i-u (j£. nj^"^^ tVI i_3j_La *-3j (3d>^ (j-* 1 (jr^^J-d^ 3 ^' (j-ujJill ' flJSjl ~ 1 
■(_i i iiLUl Ju^jI'JI *_a aL*JU! 'LlLiX. aLci! Jl*j 4U i"itl 1 aiaj ~ ^ * 

- : (JLc. 2jJl2JI LlL)jJ ,jj^~~ ' ' a Jl>-jJI 0Jl4> J -y^-." LajLiii 
■pjl 1 nil I j » 1 a J ^yic 4_)jljJL) k>l A'^VI j C-i-liTllI I JlIc 4_uIjJ! sjjsjJJI ^_d--yj * 

.J jl>.Ij aJLlL IL. ^^Vl a bell I *-^j <=L- *4jL)-^ ^'jj- 5 <»L>J *lj>f • 



•■ajlcLiiU JjLujJI 

.r-QJ^I <uijj jl aLsJLII /o 1 11^ /jj^xlll <uijj • 

(j ifgg (_^jL>JI *j-^>-II j-taJl) (O^eJUl j^^-— a d)lj-L^>«J • 

St 37 6mm x 1 00mm x 200mm y^a^Us • 

St 37 6mm x 50mm x 200mm 'S)2j*> ^U=> • 

DIN 1913 E5122RR6 3.25mmAbJ jjp^Jj • 



v> 



&Lx)l3Jb->!l 
LbuGVljiL*) 



j>j \\Y 

I rtjnffitlj JUjyLjt A. LUJ uUuLul ( 2lUJJ )J4M 







(i)Ji>*J 

^j_a ,- ^<aVI «_ii5jj| ^_ 4_jjljJI 4_Lu3jJI aL>J Jtl£. Nj^"^-»tVI (Jj^a j 4jjljJI i La u a 4_loj^= <_)jjjj rj i*ii < 
pl_u| ^j ^— » i 'j .a1_ re-UI jap ^— » II 4__p~^j 4_ui_i^= lILJJ cl_u! rj i"i < j 4 JLLaJI aLoI a1_ reJUl 4__lLjjlj ^J-2-i *Js 

.(rr-r) j^-^.ti ^_ ^j^ ^ U^= L^a*j J\ ^Vl c^ - y 

.JlxL*1!I (j-a jL^ntlJI - V 

.|_£jj>.| Ct-ulij 4JaJL) *_iisj~ 1 

■ Lill i nil <L<!uji j <^.-ir»JI «LSj La ^ (Jl <i*"i i nU 4 ifaLaj LaJI j <d~. l>JI ^j-* 3 j»Lselll tiai>. i—a-LkaJj - "\ 



.SjjIjJI iJLa^aJI ^L>i (_^i£. <LALaJI ^-!jJ»JJ 



5 mm 




a^Ijji u^i f uj (rr-r) j^i 



vr 



&Lx)l3Jb->!l 
LbuGVljiL*) 



j>j \\Y 

I rtjnffitlj JUjyLjt A. LUJ uUuLul ( 2lUJJ )J4M 







■Sjj/r^-ilVl j-xaj3 ( 1 -V) JptLs 



BS639 

Note: All weld metal mechanical properties. 
The mechanical properties of the deposited weld 
metal refer to ALL-WELD METAL PROPERTIES when 
deposited in the flat position. These may have little 
relevance to the properties of a real joint achieved in 
practice since this will depend on the dilution from 
the base material, welding position, bead sequence 
and heat input. Apart from their use for quality con- 
trol purposes, the mechanical properties of the all 
weld metal test provide the designer with an initial 
guide to the selection of electrodes. 
This is particularly important in regard to Charpy 
impact grading. Thus electrodes which have the 
highest gradings are more likely to offer better 
Charpy properties when used in practice. They will 
not necessarily give the Charpy results in a joint 
which they give in an all weld metal test piece. 
BS639:1986 

This specification is divided into two parts, the com- 
pulsory strength, toughness and covering (STC) code 
which appears on each electrode and the additional 
coding showing efficiency, welding positions, power 
supply requirements and when appropriate, hydro- 
gen control. Use of this classification system is best 
illustrated by an example: 



STC code 
Ferromax 



Additional 
E5144BB 



[130 3 1 H] 



Consumable Type - E 

E is for covered electrode for manual metal arc weld- 
ing. No other consumables are covered by this spec- 
ification. 



Strength -51 

Designation TS min YS 

N/mm 2 N/mm 2 



E43xxx 
ESIxxx 

Third Di 

Digit 

ExxOxx 

Exxlxx 

Exx2xx 

Exx3xx 

Exx4xx 

Exx5xx 



430-550 
510-650 



330 
360 



min elongation, % 
when 3rd digit in 
classification is 

0.1 2 3, 4, 5 
20 22 24 
18 18 20 



git 



Impact Value - 4 

Temp. C, for 28) ave CVN. 

not specified 

+20 



-20 

-30 

-40 



Fourth Digit - Impact Value - 4 



Digit 


Temp. C, for 47j ave CVN 


ExxxOx 


not specified 


Exxxlx 


+20 


Exxx2x 





Exxx3x 


-20 


Exxx4x 


-30 


Exxx5x 


-40 


Exxx6x 


-50 


Exxx7x 


-60 


Exxx8x 


-70 


Covering - 


-BB 


ExxxxB 


Basic 


ExxxxBB 


Basic, high recovery 


ExxxxC 


Cellulosic 


ExxxxR 


Rutile 


ExxxxRR 


Rutile, heavy coated 


ExxxxS 


other types 



Efficiency- 130 

The normal electrode efficiency is the ratio of the 
mass of weld metal to the mass of core wire con- 
sumed for a given electrode. It is quoted to the near- 
est 10% and is included if the figure is equal to or 
greater than 1 10. 

Welding position - 3 



1 all positions 

2 all positions except vertically down 

3 flat and horizontal-vertical 

4 flat 

5 flat, vertically down and horizontal-vertical 

6 any position or combination not included above 



Power supply requirement - 1 

Digit 



1 

2 

3 

4 

5 

6 + 

7 + or 



Polarity for DC 
as recommended 
+ or- 

+ 
+ or- 



OCV for AC 

not suitable 

50 

50 

50 

70 

70 

70 

80 

80 

80 



Hydrogen controlled electrodes - H 
The letter H is included for electrodes which deposit 
not more than 15 ml diffusible H 2 /100 g deposited 
weld metal. 



vr 







jjLail 



1- Smith, B. D. " Welding Practice " Arnold 1996. 

2- Puzio, H. and Johnson J. " Practical Heating, Ventilation, Air Conditioning, and 
Refrigeration. ITP 1996. 

3- Althouse, A. D. and et al. "Modern Refrigeration and Air Conditioning", Goodheart- 
Wilcox (2000) 

._4>UYY/UY^ ^^i.1 i^jjjUlj ^,1,111 fud*-Ul ^LaUJl 
' . 'JJ ' "^ j ^~*^J ^ ' * --^~'"'^J ' 1) .'"'^ ^ 4 '" Lg-aL>J jjj-^J S-'-rh'^^' l? (*LseJJi CjI Jljl>3 : <L!iJ LU I a Ju>- jJ I ~ 6 



Vi 




*i*3* 



ujj^I S ^l,tl 



.^ irT>p II 1 1 1) n i llf] -c^ i n II p 1 1 n i M rin In II niiiiiiq p II 










. L$-La *j^>- (_>^= * "Jl J 

: (jr Lc Ij-iLla <_JLLaJI (ja^aJ 2Jl3^jJI <5Jl4> J-i"^-— " LaJti£. 
I g-La (J^= jjJj Sj '♦ i<aj| cJij^i^aLlI I j JlJ^jjJI CjIjl>-jJ A-t^a-LlL^jL-UI «.lj^-VI 4J2j_*_« m 
I j La (_)^= jjJj flj '♦ i<aj| i—kjj^aLlJIa JlJj_ij]I CjIjl>-jJ 4_uL)j^j=3l!I «.ljj>-2l 4J2j_*_a B 
a j-ti-uaJ I i_i3_uj=3lLJ I j Juj-pJI CjI Jl>-jJ a Uj , „ ,11 J, \ L , ^ 1 1 CjLlLulj aLuLI! " 

. % Vo will SjIj^JI oJuk jjLSjI Jl ^jjaiil Jj-aj o^ : u^lktlf liVl^L** 

»j i » i a II i_i3_uj=3lLJ I j Ju^jjJI CjIjl>-jJ 4x.axLa Mj^xLtc^s CjI Jl>-j ■ 

.<La}Li_ u 2jLksj ■ 

.(Jj/Ll2JI Sj^»-I ■ 

.2 Jul! I i^^jjjua ■ 

:3jlJL*JluLdiai« 

■ 4-S-il i nil 4_u_uljjJI CjI Jl>-jJI *_l*>. jLll>-I 



v» 







A« JUM - \ t > 

/— a i na (j-«J cj—iisLsJI 0_2jJI 2— A-aJiir" i aJJ Jj^xlll (jjj-* 3 J J '"'' jLi-JI ''"'' ♦'--'' ' JJ_j-pJI 4_d aX j '"»" 
j>l_J,l Cj|j^j_aj 4_jJj_UI Cj L^>- Mill I j.lThjj -j^*"^ ! JL-J JaJI ■ >> 4 jUrj jL-g- (jr-1^- i^j-Ii^vJ L-#Jt J ^?^ 1 A_jl**JI 
.jLiJI JaJLiaJ Ju^jIlJI 4_d <\f oLS-i JaJ j j ■"■' /ys 4 1 1 ■*-■ a 1 1 1 j L^-La (i_3jJl!I '"'' ^^^~* . 4_^=LlJu]I CjL^i^slIIj 
Jlj^jjJI lLs-j i "J 4_IL>- j-i_tJ I j^ a «ll t 4 Uj , ,, \ Jjj-O 2jj_i ,j£. SjLlC ^ji jLiJI LLaJLJaJ Ju^jTJI 4-J <\f jjf 

.ujjiLail Jj^jjJI (jylc. (J J ' <a *> 1 1 (_p3jJLi (Jj^>-I JJ <UL». (j-a aJlJt" i oJLl 
t^yik 4 j i nj sj «.|jj>.| 4_*_)jl jj^a a l~.^ , „ ,)l Jj^_jjJI 2j_J-5 >jj^~ '"'"' 

i rt*i^-ill .Y 

JiJlajJI 4-Lli-uJ .V 

jLc. J I ,j^~- * a JaJi La (_£J j*-^- Cr^ ^-^i3^"^3 J-jjjTJI i La-i ■ ua lLsJI »^> 4_lLjju ilsX. I i a II ^J-2-i <«t.— l>- 
i ^'^^~'" 4_tlaJLl aj-2j i^JJ' ' flU^aJLI J I Jj^xlII lLs-li ua Lfcjuu «Lxjj ijj' 1 -^'^- ^J'J-*" '^J-'J LLaJLLa (_£J ^j^. ^-»-a 
^j-« lLLIJj lLsJI LaJI I J-J 2jJal_La 2jlj^>- 4_>-jJj (Jl-C ' '-^ * •'- J^-Lc 4jj| ...11 4_JL>JI ^J\ «Ujj^>oj Jj^xlII lLs-I ■ ua 
(J.a-^3 (_jJ-I'j JJlajJI 4 I j i njj Jj_j_uJI Ja-Li "j LkJuu «Lxjj . Jj^jjJI Ja-Li ua I jl a *-j cr^ 'j'j- 36 -^ ^J-* 3 ^ -T* (J^^>- 
jLiJI ^j_a i> i i"i a i la-i La. ^Jl Jlj^iTJI Ja_i i "^j ^Jia *«. i 4_L\-aJtJ I aJ^Jb ^j-£- ^iTl-U i Jlj^jjJI da_u_u^ JaJLLa ^j^r>~ i^£- 
/<u_l 'l-jLSj j_je_til (Jl JtJ^xlII da-i ■ ua 4se-Ll /<uJ -jl-iJI 4_ui^= ^j_a jjl£=3~\ «Ll3 (JjI i uJI 4_ca^= (j! <«L-l>. (JjI i ntlj 
» ' "J LH* O^—^ ' ' "J O-J* SjIj-jhU (_^al '^■"al 4._lLi£. (J^L>- ^j-a 4_jjLiJI 4JL>JI Jl ;> i cu 1 1 Ja_iL>JI (Jj_a->ij 
j_Jb 1—a-Laa (( ^ - 1 ) J^-- ui Jl j la-i |) 2 Jl_iJl>- SjjJ^j ij_ajj i La C 1 uaJ I ^Jl Jt-j^-uJI Ja-i ■ ua -ij-«-i (<s-J i Jl-J^-lIII 



VI 











Li]jiijj;ji'jjj V'li.vs 



JJ^lII 4 h i nj 



Itajxa^JI J»J>jUI sjj-i 0"$ )J^~- ■'•■ 
L^jj-lCj L_$3lj_La_4j l_ $la J ^— J -i<* 4_5jj^3J i La C I a uaJI ^j_a 2 A I", ^- 1 1 p|j_j^/l ^ Lg p^L-Ls^Mj i_3j_tlll 

4 i ii^ Jl i Lag I j uaJ I p j i •■ 2j ^j ^— i i 'j .(^-JLc ajlj^>- 4_^.jJij Jaj i ^~ ^i j*-^- (j^i O^*"* ' a ' ^ l5-^ j"-^- 

4_uljjjJI .Uf- lj !>.tl .Y 

4-tJal!l .UAlj.Utl .r 

<LujjjJL>J I i Lag la JaJl .1 

Ajj^=jj,l aJijliaJI .UA lj,>.tl .0 

(Reciprocating Compressors) Ui.*pll J^L\_^l\ 

J '^* (^J^" ' ""j ' Ijl uuJI I Aj-L^aTj Jj^-uJI '"" A -T* A- A-aJiir" i oil i Lag la LJaJl p'j-it ''"*■•■ 1 1 ( _ 7 -it> 

.(120 kW -VW) <>U La rj!>U jfi\ Jlj>J^I CjU^u 4- ^°Lc- "JJ 1 ^.' SjJJpJI 

: L^-a-Al «.ljj>.| 3 JlC (j^o 4_iJJ_pJI lUi-lj.Xll Uj'^"" '"'"' 



VV 






i-_.uSoJlj JJjjUt 2lu_j uLuuU/i ( 3i_yj )J4M 



L_Uu£j j dJJU 




(J-LLa aZLI ' ^ji'* .V 







( _pj| (jjijL^ail J! jjIjjJlJI Jij or (j_a <L^=j^>JI (J-5Jj i^JlJI <J-i_i^3 jIl! I J j _q. < J ^j^-l 4 ^ajjy 4 "^— >j^>- (j-C 
4JI ala i u 21 (J^>-lj lLjJi uaj I (J-Sj jj •■ ■ ^— i U pia **- ■ LoJlJaS ' (_pal A^-'.VIj pLajj^Li Qui ala ■ aVl (_}i»-l-i udj^ejj 
,J^>-lj JJ JlJ^jjJI i La-i i "j ,Ji>.jL_L3 I j La»l J 4_La (jr lct 4-JI aJa i uifl ?TjL>. ^ ^aJI 1 j/ a ,jj ^— u 4_L>-jJ, J-q^jj 
(j-l>- ^*'lj^ mVl (_p>-lj Ll.-vjjJl3 Jai L^aJI jl jj-j (j ■■ j ^ 1 1 f-L-OJjl JlJ£.j .<_ nr mil cla ^ (JdL>^ (j^ 1 ^J^...VI 
(oTljj l_ lSc i nil . U -v. JjJJu LtJ-LiLa AJlaJa i "» I 7Tjl— >- Jail i a II 4-q-l3 ^j ■■ a ) J I 4J| ala i u VI (J_i~!_3 , t-. « . >> U J i^> i 
I o^- aj Jj_IaJI Ja -^ (J}Li>. ^a Ju^jTJI ilaj i ua -ijJa jtCu <3 ^J <LLaib (JLg-l (J! ,_) ".'^~~' pL^JjL) . t-> ♦ < >. II 4_lLsx. 

.4_uL<JI ^j^a *j^>- 4r t ^- 1 ^> J 4_i.La.tJ I oJufc (j| i ___- * .( Y- £) ( J______JI _L_ -c_u_>jjs j__ 



I . Jg ( .|| | I L-* A ."l 



ue_j> -_aJ) J_3a_-Ii 



^jb-TTA.^ 



'n 



__«__ii 



* 



?a 



77 



__=ai 




Jj-lill Jaji 



j_uL_JI ij_.L_-i AjjjpJI J___.lj___JI _Ui_-I ( _ r __ T u-_>j3 (<u_jj (Y-DJisuii 



.j-uGJI 4_x_l_i_ lL__iIj_-_>j j_uL_JI 4_ijl_w| i La C I j ' -> /_tj aLc _}-==» '"' ' 4-O.ipJI lL__- I j-u-J I /tM____j ^_=__<uj 
____.lj____!l _L_ Lai (jljjj_]l -ijji--! «JJ^ (J-= 4r ^J->.lj aj-a iiaJ____!l 4_jJLa__ /<uJj__iL_JI AjjL_w| _t___ | a__aj I _--i3 
_)_<3_«j ^jL-ulj «_J jj •■ i -=3 U ^2 LiLIJij i^jljjj-]! J)a_a-_1 »JJJ _] -=3 _L_ (_r^J-° ' --"I ^'1 f /<Cl-3 j-u Li! I <UjL- 
aj__i____!l (jjj «j_lj_____!I __!_____JI _L_j_ul_lII A_ul__i 4_JjJpJI ___C. I_a____! I aJlJt" i n~j .4Jlj__i___l _L. L_^La _)--= 

.4_Lu__JI 4j_-I_ _L J^r nt Lj___=Jj LgI_ti-=--i pLujV 

'.a! m^t 4_i^_j J_>-t (___£. j-ull! I AJjU-t AJjJpJI i La C I j i -a 1 1 jj^— ~ (jt _>-==» 1 'J 
_ VA _ 










(Open) ^ji^a .r (Semi- hermetic) ji^ 4_ui .r 



(Hermetic) jLLo . ^ 



< Jl^Jj i_3>Lc. '£- dlj->d,\j .UM ,MI |_£l3 jj ^-j (V-£) J^=_JJI 4- A^e_iisjll 4 ajUtXI .UAIj ,MI'3 
till j «jj» '-*^ CjI Jl^-^JI 'A- 4 aim .UA lj ,>,!! ^J.jr" , „" .4_ii=Lj_iiJI ol ^^ tl 4- e.ij_>._aJlt Ja£. I j-iiaJ I Jia 
4JU LtaJI CjLjIaC «.Ij^>-I A-ijjt-t^s I g-uJtJ jj_^=Jj ^j^iliJI 4 '-^j^j L^JI-i 4 alatll iU^Ij^II jlll^j .AjjLjJI Cil » i nil 

cii^Li 4-o ,J ^^^ tiJ >^ , J , ^ J = :L ^ , o' -^ ((£-£)J^=lAJI Jl jiaJl) 4-SJUUI 4j_& Ja^tj^t 4-j 

^j^l /«Ib I -i j'j ' 4^==j^>JI (J-5jJ 4JU uaJI 4_jJLi£. «.lj^>- 2 jj>- VI jj£. Ll^-La Jl>-Ij (J^= J ljJ,ai > j^~' 1 ' (j^aua Jl>-Ij 

CjI J^>-j ^_Ji »j 1 1 *— 1 ! la 4_* i_oJI 4 la - -j~ \ I CjI J^>-jJI A_ JaC I J L^aJI oJ & aJlJt" ml .^jljjjJI J>j) of. Jj-jjJa 

.mJJ^sj-U ' rnj^-iltt 
/j <- J ,^>A; a iUAI .Ml j| i ->;ai (fl-* ) J^ i^iJI 33 » '^J a J A I -i^~- ^ a-jlaXI tla£ Ij <>»tl il 1 *l 
4- JL^JI J-4 L<^= (COUplmg) tkjjJI Cj}L^j j jj jj ,,i tt 4-La ...lj; L^-Lu 4_^=j^»JI J_ai j^Ljj Cjj^Jkl 
a I JlJt" 1 11I pj-ttl I Juk 4- O^"" 1 'J ' ' *a C I ' '"' 1 1 (J! «Lulj_ajJI ijJj^>J,l 4^3jj>- > 1 Mitt <J-2-<j l -i--i^- ajt j 1 11 tl ' '" ^~~ ' o 

Ja£. Uis jJj 3 j"'^~~ > I J J » i~i"t Jl>-I_j ijJj^ta 



* L^j ^^ l t j ■ > . .^ a . J^**= j^il 



■ ~ ' j ■ ^11 * ■ - — ■ 



' ■ ' ^ ■ ii^. SjiijrfL^j 




^^f^il^jULi 



jljjjjl Jj^4£. 



J^a£]l 3£A£ 



.,3li-a l5JJj3 Ja£.Lis (V- £.)<J^=ui 



V^ 











u' JJ9^' A^*^ 



^^=11 



^^jj^JI J_j4^ 



(jlLa 4 j mi ^^^jJi da£.L^ (1~1) J^~- ui 




7-jlLa ^JJjj i_La£.Li (0-£) J^— ui 







(Rotary Compressors) -culjjjJl d*±\^\ 
(Stationary blade rotary compressors) tuliil (Uiej) aA^I oli ^IjjjJI O^I^l^I 

^gal >J| i_3^l_iJI daj *»■* ■ 1£ JjJ^-> O-^J— 3 ' Sjl-iVI N J -1 e (j— « ** J ' '" <j— a fj— "' ' J— * ,jj ^aj ) 

>. lSc i nil Ja -^ --" aj (JIjjJlJI 4_u-»£ (J^L>- t J^*-' Ji— I' (j-« i_3^l_ill I ma^La (_)Q) all (Jj_^=lJ i>L._l>.j i La C 1 Lai! 



Jj_LaJlj i_ta- intl I '-"■■•- I j^ a (jj_^a_i 4_L>.jJ, (J La ) ^jIjjJlJI jIj q"i i ul *_ aj (J^>-JlJLi Jl£>_lLJI lLi_i ■ uaj toj 



4 miJj-II j^J-^J Q~^ )J^~~' '"'II 4r ? c -'^ 5 J- a J-" 41 o^~* ^J k»tl lLs -^ J I Jt_j_jjjJI ila-i i uaJI Jai La (<u_i p-j £." *"-* a 
4_l>-jjj i ^j LaJI da -^ ^j_a r-jL>JI *_a c—lSc— i nil da ^- ^^^-a (Ji>-I JlJI JlJ_jjIlII lLi_i - ua Ja^UL>-l «_ Lgj ( 4_<iic jJ I ) 

.JjJaJI daj. J! .U^i.-jtl 

Rotary blade rotary ) (^jl>UI ^j-sJI) s^j^utl (^UjJI) oi^pi oli ^Ij^jJI jaAlj^l 

(compressors 

I Jt_4> ^_ j_piJj_II (jl I -i j Lu Jjj-iillj 'j 'j^""* Jl>- (_j!I 4jjQJI j_piJjJI CjI j Jag I a LaJI *_a fa-ill I J-4> 4jI mi" ) 
da -^ ^j_a <>.}j_2jj da.e.1 LaJI (Ji>-I J Jlj^_£LII da_u ua <L^=jj>- ^_ ^_pijjj| p ^— > -»""j /yl>-l JlII (_^2>jJl!I x_a JJJ3 pJ-iJI 
.(V-£) J^=lAII 'i-^syi ^Jtt U^= ujjikJ.1 Ju»JI (Jl 4JaJLLa Juu JjJaJI daa> ^Jl (_xrtiJI 



A^ 










^i-Lil Jl^jLj^ 






■_JMJJl 



jf j il jU. -Vl 




1^3 -ggj; io"^ ri ji^^Ti jiiiAii 






















ililiJI 4 miJjJI tlilj 4_uljjjJI Ja£ Ij-uaJI Jgf ("\-£),J^=Lji 



At 















Jl iJL^j^ *^L^J ( ^~ 




jj-LJI lL^ 






(Screw Compressors) ^jJUl J^lIj-l^I 

J jLSJI LfeJ >-l /, -i i •■ ' 4 jjJjUI ^jjjjjj II jj a r-jj 1 at Ja-e. | a iJaJI A a pj i]| I J ife ^Jiiej ujJ 

j-* l o^-, (Stars) ltO-*^ j_a j^lj ^jJ jj ((Female) »iJjll ) jj-1U j-^Mj ((Male)j-^=:ui) 

LiU jj <*-=e_uj jj Jjj < (J nhPiSJ. ~'l^j" ' 4ji 'j I ^j a ^)J^~'"" i^jul JliI flJI (j 'j"" JJ J ' (A"Z )J^~~' '"' 'I 4; 7"'^J" 
. JljLSJI (jojjJI (jljj-i 4_^=j^>J fjju^sVjUi o\^>Z\ £_ (CjUllieS) ' *Jjl ^-" <U_i_u ^j^a (jj^ajj (_£JJI Sjiii, I (j-upJI 
Jai^J—i Jaji uaJI 4 jl oX lA_u «j _aj) 5 1, 1 | _^up_!l JL. aJ>jj*.jJU '"" ->" aJI ^La-lj . t-.r.l <>.U J I Jj^jjJI , t-> i / ■ j J_5~J_! 
I Jl^=u»>j 4_jJLjJI 4_SeIA]| IL. (j^LlII (jj/ljJI <Ji«-J>J (W -ij-^i' (J- 1 !^' CjLcj3 ^Jl>-I IL. JljLUI (j-upil (J-"jJj J^»»l 



jLc. LuA (jr-^- A>-^' * (j— a - 1 s^CJ 1 Jaj i "j *j La <l'i_i («_J < 'j iLaJU _Lj>JI J I Jaj us 



<aJI 4 ilqf 



(«_(_) , 



J-\_ ) l_a lj"» ■ - 7-jjJLj (jjJI 1 j i i n \ 4 U , , j". 1 1 vljl Jljs-jJI 4r ** J ' ^ (j— a P_9— "' I"-*—* aJ^-"i "i j i La j » < '-"• ^ 

.(4200kW-v-kW) 




(j-lJ^JJI ca^Lc. < J 9JJI ^jL^I Jag ^ ilaj < ^ iU^." {<i-tjj) 



(Y) U^U 

(Sjvjj,! 4JLfatJ| aLcuO 




0)4^1)1 



Af 













(Scroll Compressors) i^jji^Jl jU^u^ji 
(Orbiting ^jl jj.1 t_J^i!lj (Fixed Scroll) e^lfijl <_J$1]| (>a ^j^i^ji lL^Ll^I oj^=^ 
(_J^ill j_^=j^a Jj-a- tj-3>U -ij-*^- 4V1 iiiI^j ^jl jj.1 (_J^lil jl jlj i^_ x>. (jj-^jJU jj-«^ij rfi-tJi^JljScroll) 

4JaJt-i a j JlJ^jjJI i-La-Li ua jL><-> LiTm lt^- - > -'^' l< -' (--ij) j-L><-! I 1 U<~ ' uaJI J 1** I Jlj-a ^jl .<LJ_)L> oLsol <Ujlj_> O-jLlJI 

j ^— 'J 1. 1 J! 4 J 1 ilillj (j-uJjJJI <j-L_> (Jj/Lftjjl lla flj J '»"' 4j5E_Jjj ( " - * ) J^— ill] £_ 7C_lisjj3 j_li> I -1 ^— (j-LjJjJJI ^U 

J_^j Uju^ (Motor Windings) <-d>^Jll oLiL: J! .>j_uji i^ J}U. ^ jjjuji i^A J\ 4^l 



i^jioii s-Jjii 




H Low- Pressure Vapar 



'j tail i^tla 







cl!j^>JJ djLiLa 



ijJj)jJL>JI . UA ij.MI (VL) (J^aLji 
(Centrifugal Compressors) ij>£=>i! sjjLuji jU^u^ji 

.aj-Li^=JI 4jjj>-il!l dlU.<-JI Cj|j CjIJl»-jJI '£- *-£) J^— ifqJI '2- 4_»-i-bjJt,l .UA lj,>.tl (jjui, ^ JlJt'i i uJ 

ajjLUJI Sj_5JI I ulS .(j;j_^=jj,l ij Utl 2 j^U'i (jr JLc jL.jIc.VLi . UA lj .Ml ^j^ IL. jtj^jlll . Uj ...j , U j , >> vjj 

(^ \-i) J^a-i (Impeller) 4_taljJl obj- 5 j^j 'o^^^' " .'-^ ; '^ ^i jLc ^Jua (^JLc .uai ,^ti a^-j^ 

a I U"jVIj 4_jJLc <Ulj i .i t ^jljjjJJ 4^e_uJ jLi-!' . U« ■>> j| JJ-JJ 4jl£I jJI /TjL>- LjQ oLsoLl Jj^xlll lU_j , ,.j JjJaJ 

4_^LUJ| (J.j^jjo (JLc JLC I i n 1 i _j-.oL>. J 1 '— I ■".' 4 ^ q .^.a <L3cla (J^L>- ^j^a JlJ^jUJI i U_i , ,.j r-j_>iJ /«3 i U c 1 , >. 1 1 j| Ju>j 

. JjjUJI .U-^ ^^yj Lc^ajuo r-j^oj . U » . >> jjj jj^xlll . U^i, ,.j 1 j , , ,,".^-.1 ^oJI 4_LaL^=JI 



Ai 






j-i-AJil 




.Srtj^ijJI IL. ijjj ^ A* * *- V* * * £rjj rjj^HJ «j-Li^= oLij mi f-jJJI I Jufc IL. .UA1 ,>.tl 

uLacLiiaJI j)J*—~ ' ' (j! ,j*~ 3 1 'J (_£ Jj^-U jjia Y * * * Jl J l<3J ^_P-!I <— >1 51 i ntl *_/0 ^Jiir" i nj 1 ^ JjJLt-U pjjj' Lot 




l£3^-J M ^j'^tl .UAt.^t l Q«-l) J^.t, 




(J-J^ielb (»J-S3 ( jr -iliJ ' 4_ILq-t.II jj_a _J__, _L_Ll lA-*-* 3 J a — i *I_V _pL__j 4_^Llj^___JI __l __: »j >— >l 1 '"'*" 

.__jLij^__3 i_Jj_*^i _L Latla-La 7t__>JJ Y-£) ,J_=___ 4_j__a^L____us 4_3__> JJ 4_ul_ij^___JI iJsllaJI 



A» 










issiuikc 



jiSSiV/" 




....-.,.. *»j*i>- j' 



jljoJ'j-WI 



JjUdltjbgkX 



j .v.tt) I g ; n ^j-^eia jj_*^ ^^ c, no (Permanent magnetic) *JI j p.nUl ;;* <>c SjLm jIjjJI 

j uajul lILj^so (_yic (J-q-tJ ^di^ A-u^lLs LjJLa Cj zLta (ji^j i u-ll I J-A (j^l J^'-'-'J CjjLlII j tJaJtJI (Ji>-I J jLj^JI i£^ ' n j 
jLlLJI (j-C ^iTi— u (JL-Jlj (]>^=> mil j uajtl! 4 j i rnViLtim a j ,U^tl . ,»" t 4_se-uj lILIJj 4_uljjJ 4 ^— >j a. jIjJlJI 
J^— » ■"■) ^jIjjJlJI 4_ jIjJlJI j »>»«11 j ti~ , n \ 4 j JaJljl j-<JU j I) o" i nl *-«J < r ' 'J J ^~* 1 1 J ' '^ a £yA aJLSJI (—ijLLiil 

' JaJlIl )i«" ^.l^f ^i^t ((^ X~i ) 




(j-^=l mil j uaJtil Llcu-lLsLlLII 4-ulaJll I j lij 4jUr V-£) J^— ui 

Insulation Resistance Test J>JI a*jQ« jassS - "C , t , ^ 

Jai.LjaJI udj^ta CjLila Jj_£: ^L^S 4- (Megger) Jlj^H Jj-JtJI 4^jLi« ^LiiS jL^ aJlJcIcuJ 

_ An _ 













j_^JI Jj^Ja. 



.(M Ohm)^! \<^ : « y« jl j>Jl L) ^^ jL^>J^jUil jIj^.Uh^ 
1000 V jl 500 V Jl j>ji L> ^^ jU^(Voltage) j^ jj^ ,u,,^ 



jlj-LsVl oLiLa <£_j J jlj-LsVl CjLiLaj (Metal body) ^JljJ.1 jUa^l lTU J>JI LajLla (j^stal 

(Jj-i-ajj Jljlj (_^a&All 4-iLui *Iuj 1 g-uiaj jljJsa^l diLaia j*j lLUJl^sj (Neutral) JljLsJ.1 . U^.tlj 

'£— Jij-^.jJ.1 jj-II ' La » La Jj-Jj-La (j_t ) j-^- 3j-^ '^ J ' ""'.' ' * & *J.' (Jj - *-^ 4_ajLiLa (Jj/LlS -iljJU <j-L3j-LaJI 

.J|j_*JI <LajlJLa 2<iljJ9 J .0 £•"£•) J 1 '-— iolIi 4r ? c - l ^ 5 3- a J-* i ^~- (Jj-*-J' .j-""- 1 * j^^*- ' La ■ u a 

.^uL^^ jjjJI i3>Uoj 1(M Ohm) jflVi (jic. JjjlJI ^ o^ jj^~ jl u>j 




Megger ^Lj^aJl jj^Jl 3ujla« ^La jl^. (U-i) J^ A 



AV 







(_)^>-lj Ji-J^-lLJI lLs-j i "j <5jlj^>- 4_»-jJ pLfljjZ 4._^_uj ' ^ *Aj J '.' ^~~* J^"""* '"' ' Jag. LtiaJ I 2jIjj>- 4_»-j.} jjGj 

*> ^— >j *- 1 1 A_?e_uJ ili]ji_£==> . iOl— JJJI <JJi_J i_o-l uaJLI /«_3E-><JI ,_)— aJ9 JoJ« uaJI 5 jl ij l_u <_uj . < Uf.l uaJI 

(jL^zs lLUJJ t QJaJtj-J Ij L^JtJ *Ijj^^I ciJl^ala.! Iglf LSuJ ^jJIj ukiiLiaJI JiJ-i tlsjuso ^jJI A-1^=l-iJL^=l-iJ,I 

, Uf 1 i^ll Ju^jjJ 4 *!"-»■* JjL^j jL>_)| (JjO Jli Z 
i_l!j^>iil ^_ «J_j^>-jJll ajlj^>JI -ij-Li (jr-^- (^J - ^- 1 ^ L -£>Tp-^'- 1 c> 3 '-^*- *—■ *-0 (*'^ r " ' "I- 1 <-La-g.l a ^aJI J~*J-£ f^S 
2— 4_uL)j_$^=3lJI d)l ^— > j >JLI Lai .r-jL>JI j_a '-"•lj'^11 JlJ_jjIlI 4_i^L>. ?"jlj-a Al J^ir" i iiI (j-^a 1 'J t Ja£. I liaJ I a 
<i_l!j^>Jkl '**" flJ a (jr-1^- *-3>;jJ' ^ *-£)-J' ^-*- a J ? _> "1>^' '- '"*" ' " " y^~ ^^ w hi> <1 ^- 1 "iiJiJ^jJ (<m-l3 4 2 1 » U Jag I a uaJI 
"J ' * ""* Jag. I a tjaj I <^_J <|_£j_»-l Sj_a Jj_j_l1!LI 4-al JlJt" i ul oLc.2 jj-l i oJI O-JJ-JI J~>J-£i ($-*-> CjI Jl>-jJI (_)JaJi ' ^_J 
(jr ic di-jj_JI j_Iu ^J\ lS-Sj-I L-a-a 4_iljjJ «.Lul Jj-Sj-U Jo_aJU («-La3j-j <«t -J l > - (_£^3l_uJI O-J^jJI aJlJt" i uJ 4_jJJpJI 
,Ur- Ij ,>.!! £_ Laf ((Jj-a^tlll (jyj-ulj-^aj <J-u,aj2!l Jjaf J (j-ujL^a 1 ,1 a CjlJlaJa ...Vl^-. Lilljim Ja£.LiaJI *lj-»-l 

i la g I i >» 1 1 clj^s-i *_i_a->- OjjJJJ 4 se i a a a Jl^-"i i n"^ i\ < • '— i ] I 
(j— a JJ^C I j/ a J a J "'_' (j!_J J^-J "^ 4 a I" -> 1 , 1 Jl_j^_ijJI j_jIjJ i^_ ilaAl uaJI Jl_j^jJ A^ajLa-" mJLl Cjj_jjJIj 

l(ja ^1 j^^IjJkJI 
.(—tjlj) miIIj Aj^alajJIj '~'^)[ ^~~' * 'J (» a ilitl (j-a LJL>- LuJula ^jj^~~ » ' (jl . ^ 

4_Jjlj_»- 4_^.jJ pLflJJ Z 4_3E_UJ 4\_U0JJ^3 <_<_l_uljj (jj ^-IJ V (_^i (_^jlj_J*. CjLjJ jj Cli-jjJI (jj ^— I J (j! .Y 

.CjljLtiaJI i^-^- 1 ^*^ La^= 

. JlJ_j-l1II Jajjj/J x_a (JilLlL) V (jl_J ' 4_lIL«JI 2jIj^>JI CjL>-jJ Jtl£. (Jlrejil LajLia jij^—" ' (jl -V 

.«Li ' La C I j i a II 4-uJtJ ^JjL^a J_Lc ^ ^j j ■ •■ ) jLa-selb V lt-^ - ** , -"^*" * a ( >l ■ uaJI 4Ja2j 4J jij^~~ ' ' (jl •- 

.ajlj^>JI CjL>-jJ ' " i » fljj I La^-a 4JjI i nil «QJL>- (jyig. JisLso (jl .0 

■ A-JLg, ^>._ajj I j (jj^-ij (jl ."V 

.^Lj^^itl jLpJI J2Jj V jl .v 

(ja ^-»" «La A. j^aieJu " Jlj^-iTJI 4 jj -i ^* J ' g -LjIj^ lLs g la ual I Jl-^-U ^_ A^ajL^r" mJll Jlj^jI'JI Cjj_jjJj 

(jjc S JitLuJll « 4_ili.| jJI iai:L^I *lj^f J-£=Lj j_la « l^L^JI JJw| J 4-^=^,^1X1 ^Ij^Vl j^Jfi. Ij^aJI 

. JlJ_j-uJI Ojj 4_La ^~~* ijLu-J 4j^sL>- 4^*-L>-j fuus^ /OJJ i La g I a i a J I pl^-ll 

. Laa <>»'<■ ^i/v\l A^^ill (Jja ^jx Aj ^i^ijxll (Jj^JI jl '^-y^' P_^ (JLa*iuil > -la-j ;AJa^.^La 

_ AA _ 










t_4»>lljLu£l- °,^ 

4_%_uj 4---> 1 ji- j jATl. l_UJl_=_j <L)^Jo^JI 4___>L>.j ol--j.La.U » 1^1 -— > J-aJU JujjjJI 4-»Iaj| A. Ojjjl (jl 

4_^ll J_L__jJl <>. (Acid concentration) u .^^tl j^=pJI ^L^ LiUcju^ _tUjJ ijUvm.'-M 

O-JJ-l ^j_a ^j-- se -Jl 4_Lu- J-i-Gj .4_j_L_jJI «L)Li --ill 5y_aL_j_i ^j_a -j T^~*J '■—'--j-'' *Lp»^-- l - i5 (J?-"-" <L_>j-*-a _L_ 
___-_!_ »j_j ^— 11 4_jJj>j1II CjL-j-JI t_jl_. CjI J_>-j-I _f_ Lai »j_i '-*^ Ljaj VI Jl 4j uutb -taj-l ual\ _L. _j3-jJ,l 

.(Oil Separator) ojjJI JjoL. <>. 

C__JJ-I fj_J <_-___=wj C__JJ-l_t 4__oL>JI (TeSt Kit) j Lilt- VI l J_j_ ol_=j___JI (j-a J_jJ__!I >a>3j 

_}=-_ M.tl _L £___>>* j_-> U__=j(Mineral Oil , Alkyl benzene Oil , Polyolester Oil) 

lL-J-*-! i_JLi_l 4_.jjl_jji.VI dlj^-l 4_l_j___u jLjj-wVI aJutl 4__L___U 4__ = j___31 __iLgj^.j_ f-Ljjj l_>j .0 0-£) 
1Jl_l>- 4_lL_!1 rj /<_J <2j______Il 4_L>-L_-jJl 4-_L-ll _L_ _j_»-j_,l tjjill (_--»- tjjjjjjj (JjJLv.ll *_a C_jjjl £ys 4_u__a 4nni 

(JjJ-jj ____>oj 4_jJ1__ (J_3Lji_-. 2I 4j__oj (jl /_j_-j_9 > g "•> VI Jl (jjill jjj_i ljL_ (j^ajJl (j^a Sjj___i) sjj-l! 1 J ^~j " J 

i_ u>-i (j ___Ja 4_i ~-a a i n U J__kJ1 (jjj___> ^jiaLa--. VI «Ll-_-) (j| ,_j*j_3 j— a-*. VI Jl (JJ--1I J ' *" 'ij _J -— -'j OjjJI 

(JjLjj *u_) i_2j__u .(j-sLi-- VI (j-a _;-!-_- <^JJ>I1 (jl _y ' i- *J -) (jjJJl jji-J joJ I jl Lai .(_JjJJ (J-=--uJ C_JJJ1 (j-ajs-i) 

.( Y ^ i _j->) cJijj_____flj _U_jjjJ1 4_4__ul 4_i1_l__> S.}La _L_ (jjj_a_ *_a <_3_i jj_=_I_i pjj_>j_.l I Jufc 




Sporlan c^j^-^ *-=j___t ojjJI _>_--«-- s___ ( ^ o-£)j__=_.i 



A^ 













.( ^ 1-1) J^-i mi JjJSj-U - i J- <3 ^ 1 JrP" (J^'- 5 t=J dP' ^ jT Li-u.a jj^a Jl^=G . ^ 

JV N J ''"^ '^ i^~^J J aJL>-_aJl (JjljIi .Y 

.3jul i_3Lli^= a I JlJt" i nL) ^jLjjJI <L>-L>.j ^_ Ojj-Jl ydau-u i£j" i u a ,j -""-'*' . i 

4_>-L>ij O-JJ-JI (jl-3 (jLuJI 4_>-L>.j I a i taj * a ^j_a (J-J3l O-JJ-JI ^j" i u a tjL^= I J] .0 

.4_La 




(jjJSj-U -ij-a-C ^J^ 1 -"-^ 3 (J*- 1 -5 Cl^jJI ^j~ i ii a (j <i Se ii~ *\-£) J 1 ^ i"i 



l_£J Jl£>jjJI i Laj i "j i a | ii^-»" j_a> a loj , „ ,tl Jlj^jjJI «j_jI J ^_ I a-L^sJ,! J_a^>-j {_ys (_ y j_uL_u 2l (_p3j_iJI ^jl 










2jlj_^- 5->.jJ IL. (jlal aj^jl *_a 4Jjl mJI 4_JL>JI ^1 4_jjliJI LIL>JI <j-a JlJjjIII Ja-i i uj Jj^>>J SjIj^kJI J^LiTlII 

■ (W-l) J^-i.t, jj > xUI.Uj...j 



m 



100 

50 
40 
30 

20 



v^ ^Q>CTv 




--»■-" — ""V"""""--/ \ J 










— V/ v ^ 


\ \/i\ 


60>^- . 




c 


P^ 




b|\ a j 
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/ 




_ 40 / 




^JU^lUl j_ol_xj! 
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V 



50 100 150 200 250 300 350 400 

ait^sdl IL. ajjjiall SjIj^kJI <Lj-*^= T""^^ (jr^Lu J^~- & ( W-£) J^— ui 



(w-l) J^-. AJI jJa^KSensible Heat) 4_^j^>4l Sjlj^Jl <>» o^ikiJI -O; JjVl oUUI 4. .\ 

JlJ_j_l1II Ja_i 1 ua JaJi tiaJ 2jJil_LU * i ii'ill 4_>-jJ Jl JtJ_j_uJl Ja-i i "^j aj|j^>. 4_»-jJ (j a a *»■ 2 a O -Jj /ys 

.jl^I.Ujmj^ (C-B ^(W-QJ^A) 4-LaL^=JI 

(JjLij/ 4_!LlA /,-lc. i /I'^-itl ^j_a Jtj_j_<jJI uLa_i_u/j T^j^* Li^L>- (3-« (j -t '"- 1 ' ( C- - Lx jj-a ( ^ V - i) J^— » ■"■) 

i La a£ 



^^ 










(Air- Cooled Condensers) fl^bi^j/OJlul^ai- t t r,^ 

1_£JlJIj Jl-jJljJI a! Ji_j^lJI (JjI—uj p kut-1 ^j^il -*- ill i_i_ulj| J_y_a CjI aJ a (j_a d)l A"^-.tl ^j_^ "jj ^-."," 
<L>-1 i nU S jLij j^-lc- (J-g-tJ c_djl_cj_) d)l fll^a U J>j)j_Jj ( Luj^a^l a th Jlj^iTlII JaJ ■ "J ^j ^— > 4_JL>. ^_ aJlJt" i u < 
jl /j at-uiaJI (J_«3^>JLi L- M "'^JJ c£^>-l-) I— Lfl> «j'.>- >fc J' (JL-2jj! (^J-JJ .L^jjIcLS ajLjjJj 2jlj^>JI (J I *"»i V 4_jl*_ii!l 

■L$J '"^ J-a^JLi 
j_L>JI Jl 4jr JLc 21 ajlj^>JI A_»-jJ jj^a ajlj^>JI (JLSjjI (J^L>- £yi (<u-> /-JLJ-daJI (_Lu»JL) SjIj^kJI (JLajjLa 

i 4JS1 intl 4_JL>JI ^IJ JlJ^jjJI LLa-i 1 "j (J_j^tll 4_i Lia-i >JLl *lj-«JI (J^ t"i 1 nl_i I j^ 1 ^".^—tl ao_2j <>t._L>. 4_<Jj._Ll,l 
4_JLjj«J 4J9L1I i^Jl_L4> jj^" "^ (^^ jlj^>JI cr£- J^^l (^^ (<u^^ * J^tJ (^Ll i^}L\!l J-iisj (<UJ <jl JiJ ^? diljjj 

.^1^1 J^LpJl 

aj_5j <Ljl3IJ jl 4_»-_aj_a ^_ jiuiJJ 4_jj».jL>. Sj}J9 a I JlJt" i ul 4-l3 (<u-l2 ^j i aUll (JjUsJL) sjIj^kJI (JLajjl Lai 

.aJuI i nil <UL>JI Jl AjjLiJI 4JL>JI jj^a Jj_j_jIlII LJa-u "J (Jj^><-1 (_yiLliJl-lJ JajLJaU ^jJ^Sj CjLu Jtl£. Jj^xlll lL^-Li uj 

4 t i ntl a U , „j", 1 1 CjIJlj>-jJI al ^j ^— >j tl lJi—u^slI!! Cj)Jlj>-j l J—m 4< intl Sj i ■ ^-»tl CjI_Lj>-jJ! ^_j ( \—&j-lCj 

.((n-£) ( (U-1) Jl^iAVl 



*r 









-Ijjjl ^^A 



-'■1^ L ' J ' "J ijf^ J-A 




IjrJl j>J 



-'■^ l ' J ' "J TO J: - fl 



a Jl>-Ij <L>-jj_<jj «.I^jJLi -^>-<-> ' "~*— ' a ( ^ A-$ ) ) J^-' ■"■ 




fljjJI J^J-° 



tj- 1 la. jj a a J -*■"' i u ' r IJ eJl ' j) " ' ^"' : — ■ a Q ^-1) J' : ~~' ■"■ 

(Water- Cooled Condensers) eUUijO^UluUKil- r,t t > 

Lla 3 Al'^— ",» 4_l5jJI o\—d,\ J-Sj3 <UL». i|_j ( »j 'J^— II CjI Jl>-jJI *_a il)l A",'^— 1 1 j j J a pJ-LlI I Jufe a JlJi-"i i uJ 



r-LL-vj 4_j| ■ 1)1 ^"^— 1 1 £j_a ?-j_LJI I jufc CjIj_l«-4 (*ufcl (j-«J J i>.'^VI jLll>-'^I Juu «.U,Li J^jj ^iJI ■ 1)1 A",^— 1 1 ^La 



^r 










J I cLtLi -i^-i-J ^t-It d) Lil'ii==iJL I ^ i •■ 2 u a .cl^JL Ji^-u (_CJJI I V~.^-.tl L^kLLjo (_pJt i-jUTli L_uLlJ3 oj-lx-uo 'L^-LoiJ. 

Double pipe ^jX\ ^^\ <ji < ^^-.tl . i 

Shell and tube t_^Vlj l-sMJljI ^i * ^^-,1,1 .y 

Shell and coil cklUj lJjMJlJI ^i ■ ?tVMI .r 

Plate Lp.yjioU'i^-iii .1 

Cj>liL!l J-=JjJJ (^JLl i_a_u^=uJI 4_il<ui («J-JJ , ^-,^— lt ^^liJ jj| i_jjjj^l '£. f.[X\ Ji^Jjj " *".^-.tL ,Uj^.t I 

. 1 A >» J ' ' ' M) 1 ' " 







£i^ 



*, Ul Jjio 



JU^jHJ I i_Laj_i_nJ ^j_3t_a 



rj-ij-ll <— l^-U^I jji I rt'i^-iU (Y'-DJ^auJ/ 



uujlJ^ii^^iCJiiuli^ii- r t r,Y,\ 

_ hi _ 













■ £r^ Jj^uJl Ja-U aq Lr ^ 




Jj^uJl Ja i ■ -J gj 5e a *LXl Lr ^JJ 1 



jjUVIj ^MUI jj « rt'i^-ill (Y^-OJ^.t, 



hiUljittttljihiiai- T t Y t T t * 

AjLael^m *U,I 4_i3 <J^»-J^ L-kla 4-L^-IJlj (jl>^ U-° (YY-l) <_L4=Ljii]l IL. jc-iisjll fa-itl I Jlj»> jj ^"j 
^J\ ' fl-lXI «Lll_»iuJ t 4Jul i nil <LIL>JI (JJ JlJ^jjJI ' *aj ' "J (JJj^tll <LajM-t' ajlj^>Jl ,j -"""I ' (jl Jl*j r-j^KJj Jj^jjJJ 

■ t_gl (lit I (ji>-l i n) i_3j_*-l La jl «.Lt,l ^yt-Se i ("it aJlJt" i (it, I tjLa- i dtl iuj^s Jl>- 



Jjjr^- 




-UIJj. 



I alXlj i_3>LiJI |_£J i ^",^-, aJJ ^J^jlaj*^ *s-<-uj (YY-£) J^- ui 

Villi uLa&l- t t T t T t 1 

e Jlj>-j ( ■ i^-ij" A_I*_3 < I j - *-'" - ^- ' (_P-!I A^.l_i^ii,l jJuur> (—ILltLlj <L»A3> j » I a ' '"" fl-t^3 1 1 (j-a Pj-^' '- Jui> jLUu 
4_u>w aJJt '"" A",'^-. t I J^— i ,"," i (JjjoVI jLiTo- J I JlXJ 4_L>-jJLtl (~il A",^-. 1 1 /jl_£i 4JLi_ub 4->-l i u-a A_ i ^ ' ^~~~ ■"' J I Ju^u 
(. i i uLLa pj_i ^1 Jiir" i ill jl plj-3 1 Q(j'.n ^n-3-jJ j»L>J tJdL^ 3 O^ 1 J' (jr 1 ^^*- ?"J^ f^° Cri ^- 1 ' ' ^ a J)'*"^ tSdL^ 3 O^ 1 



^9 











Cr^. 



.y« ^=ua(Yr-l) J^-,,t, 



(Evaporative Condensers) ISujjuuUI uUiSUl- t t r f \ 

L^ J_23 tpJI jLLUI d^p. ^LaUJI jLLUI IL. ((Y£-£) J^-, r„) i^a^ti] ol ni^-,1,1 ^ j^-' , ,,"» 

t (]y>-l i "II Jl£)_lLJI . t-> i , ., j 1 jja ^^ i n t ^Jl ' .V'.^— ill l_UJULj a! JJajL^ 2fl ' ;UI ■ - ' I j La a ^J-23 .4 J { i gill 4_)^iojJ! 

LaJlJ^I i 4_jjL»JI LIUkJI ^J *UI olj LaJ3 J^jsoj ^^h^' ' ^j ' "J <4- Sj^>-^X! SjIj^kJI (_^al L^alLal ^1 (^.ijj L<J-a 
,j-^" o"t aJLjLij/ «.La '"''j '-" a (J^^JlJ 4ja»l i n a ■ LaJt-J ?HI jl_ so x-3JlJ 4_i^sL>- 4_»-j)j_a 4jl3JiJ (_£JJI *'^«J' ^J-^-i 
J j (J a t" i /- la. Jt^_pJ I Ja-i ■ uj ^j-* * J ' J— *" ' O^ 3 ' - J> "" I ** J' l^* ) <i" i ""' I ' ' : ~— i ft a Jt-J_j-pJ I Ja-i ■ -j ^j-* 3 3 j '^><-I I 
£-}La^l ililj rnp (j^a (j^-ilV'tl L.A1 ,-.1 A'.^Utl ^ fjjJI I juk '£- 4j>JUI tfLJil aljua-'inl JlIcj .aJjL_J1 aJUkJI 




i£>i^l ( rt*i^-itl (Yi-i) J^-.,t, 



U 










L^dkfij L^jIjmaj L^Ufc AlijJa ^jjmj ;0*UI JjLwj j* &£&il £l>& I ^ £}U»V Ij lijjuil ( t ) JJ>£>- i t > 

lLsji lis j_^ia_ii>. j_ii> ■* Laj ■ ■■ J| JlJ^jjJI aj-JI J A- \^<^ a "'' jjL-u/j) -SJ-aJ-ll CjLaLa-_i^3 J>j^>-j j_a i_3Jt-JI jj 
Jlj^jTiJI LJa-i i ua jLji^ i n (J JlJLxjj (*~~~ ' **-"H 4r- JJ J f* n ' a " lLUjl^s t Jag, I < la II A. c| -*-^J) (<*-) (J--^' Ju^jTJI . t-> i , ,.j 

. Jj_)-uJI SJJ-S r-Lurwl (_ 1 1 n~>- LiUjij 
(_£jlj^>JI JJ-^TlH ALa-i^aJ (jr-I^i ' JJ-^qJI ,aLa-<^aJ 4-Jj t i"itl <Lja-U2l : L^JLaa 4_CjJILaj »j I .^-» JJt^jJI CjLaLaJ^aJ 

(Capillary Tube) 2j>aAl!2j»ifrl- Y,M 

^J T'S'J-'-iS v-^ "^ - ^ ' tlA- 1 V-^ 3 rj[pJ iJbala <uojjI j£. SjLic (Yo-i) J^— ■ ■"■ ajj * i*iitl ajo-oVI 



1 eua ilo 



iba 



Jl^sl 



11 jjs r-jL>JI JlJ^_l1II Jaj i "j jl i ii a (_ylc x-iis^J i i—oJLa j^— i ■"■ (_ylc J^>-JJ (p-La Y - * ,0 ) j^a 
I -i^~~' ( ( 1U KvV) 'LuITJI 6j •'* uaJI Cll t i ntl L^lli p La ' II A. aJlJi-" i h"j l d U ♦ i >. j^j^ ia Jj^uJI da-U-uj (3-^>- 

<>t._L>.j Jlj^jTJI oaj i "j j_a oJ^cl« 4_ta-^= jre_ilu pTi_i p ^ xJ 1 I _k_& <^_J . (Jjl—Ltl A- Jlj^iTJI p La ) ^_ JL>JI j-it> 

(. ij - *-" i in V 4jj * i"itl <Uo-u2l jl Jijso lLUJJ t j-3e i"itl 'LlLaC tLul 4 Lse i*iitl JljJlj>o pj-ij j.a^e.1? 4_uj/LLa jj^~~ ■"' 
i U ^ I i >. It | jl_3_>-! i.iii n" 2 L^Ja^s £— JJlajJI (JjL_oJ j^s Lj&^iil jc 4-jj t i*iitl 4jjjj VI j-LaTiJj . (Jji^>JI Cj M-tAll 
'£_ Jl^AJI jl Jl^o (jr-lc JlJ^jIII Jaj^ujJ jlj^ i ntl (Jjjca i_aJ9ajjj . <J flS jj Juu 4ljt ifuJ «.JlJ Jtl£. (_/OITiprCSSOr 
Ja-4 m^aJ 4ie_i-is Jj-<-a jj ^— •_' jl lai t^JJI tlax.1 uaJI *ljl_i Lfcjl J I Ja_ujja AjjjlAJI Aj_aajVI J!VL>- Jail uaJI 
. jljJiVI aJLso i_3jju La (--ilij Jj^-pJI Jaj i uaj 4jj t i"itl <UojjVI jl Juol (JjmJ, Ijal i u a Jj^jjJI 




4JJJUUI ij^Vl (YO-1) J^i.t, 



HV 










(Automatic Expansion Valve) ^SyuL^j/tfl :-uL'i fkUua- r.tj 

>itJLl 4-'^« '^H jIj>j cP^L'j Evaporator jj^Jt I 4-j^JI jjm* jbjj ^jj^I J^»J1 s-jLj j^ 
J>U. jj-a dJJjj c-c-^-cJl JaA-^ (^j^. JiLi>Ji 4- *jj^> o-i^i jj^hi aU ^ a>5j U jl^i i Evaporator 

<J_<3^>JI CjLu (_ r lc ilaiSl JO /y-IVI JJljijJI aIa-us tjl— l (Jj_2JI jj_^=u<jjj A_ul Jljj^M <L«_l2JI J I JaJLuaJ I (_pal fljol 

■ UM.utl J,. 



Jj^jJI ■ L-. ■ . ■■■■, | J^_ _l_.j 




_■ .-i.-r t . II iL-, « . .-i II ,_£_j .U.JaJI ■ ^-j ■ ■■_ 



•3 &■=■-» 



^\ jjL^J! f L^= (YV£)J 



^=ui 



(Thermostatic Expansion Valve) &)\j*!\ jj^UI^Uw- t,t t \ 



O^^ 



=UI 



•-jJtJ i_3j_*j (_^jJlj j_je_jj LJaJLLa Jtlc * i uul\ SjIjl*. <L>-j.}_j j-ie-J,! £yi r-jLiJI Jjj-pJI 
aj^j Jj^-uJI (J-4-»- -ibjj LaJtltS <jjje_j,l TcJau-u (j-a 4_L^=La_4 a SI flj i a I j ;^~- 1 (3-ui.3ejJ LlUjj (olipCrilCat) 
(_)^lSj Jtlcj aj_)L*Jj <L»-jjJI Jtlc j_je_jj jjjs r-jl_>JI <*-»-j-} JaAa. Jl (_5-S|-i La-« tj"D i aJI (Jjut-a ajuj-i a La-uaJ I 
^JLc JisLsO ^LlILj JlJ^jjJI i to-l i "j^ Q"> i nil ^j 1^~~* (JjJLSjJ ;_^jIj^>JI JJljijJI aLq^s r^J-^-l L^^dhJ"^ U- ,3 - >, -^' 

■ ((YV-1) J<=n A Jl JJ^I) Q^ia'^JI ^jJCjLS 



HA 










_r-^J-U ^r-^* Lji^ ^_y_r-=-J ' *^_>^ t^jLi. 




j>jjl ■ L-. ■ . ..j ^1^. _i 



-^1 



,j^r=* 



^jlj^JI jj^illl >Lu-a (YV-DJ^aui 



(Electronic Expansion Valve) ^jj&JVI j-uUi ^u«a- o t t,^ 

2| (YA _ £) J 1 '— 1 ifttJI 2— Tciisj^a jjb I 1^- 1 4 j i iijlj «.ljj>-| 4_*_)jl ^j-* (jrLi/-*^ 31 ^ -^<-i-4^' aL«-u3 ,jj^~~ '"" 

3>IA! jl ^iiJ jiu,Vl jl JL1V1 ^ ^jj^h ^jJl (Stepper motor) i»jjJtl a^=>^JI jj udj^ t^j 
iAjiJi icj^v^aj (Piston) j-j^^t'j (Lead Screw) J^jin i_J>ij (Orifice) i^jiji 

.(Orifice Assembly) (a^llii) 



4 ' ' 1 1 a ' I 



r 



I'^ii 4 < 1 .1 1 



1 1 n~>- Cjl^tlS C1111 (JJ Cj^Lj (j_a 4jb^iJI jij*—- '~'~J 



ajLij <JJ9u ■* la ' "'J.' i- itt 1 nil »jljj>- <^>-J-S Jl <- '•*■ 1 "Jl Joiu a J ,j-~'.M "-"'^' ) ^j-ul 1 n~>- 2) (JLc (—J^j^slI^i I -iJuiUJI 

(Microprocessor) gJLil Jl SjLiVI oju* J213 ^ ^j <<_^^JI Jai. 2- ^j^i^j (Transducer) 
ca^=s^ oU^i jjjl^h (Stepper motor) *».jjlXI ^=j^»Ji ji ^Jj^il Jl jL^VI w , t —: Sj^ju ^jJlj 

•»■" Atl j| JjliJL) 0-iL^= ^gj) 1 11 



^ 














^yJjp^aJVI JiJ^jlII ^Uj-a (YA-£) J^ ui 

pdfcfj L£UQ*l«ilj I^JUfi^>Jbj L4}LJ$5U2u>*4$ uljJuil j-« Aiiiail £Ijj5M ^ififciUaVI ( o ) jJ/6- 0,\ 

(JjLuJI I Jlj4> {j-C I mi M .^jit-l i ntl j-L>JI *Ijj4>j JlJ^jjJI i Laj ■ ua ^_) SjIj^kJI (JjLu 4_lLi£. (J^L>- ^j^a ciUjij tfjj^jj 
IJl^j j^je-iil /■ <i i nj ill? jJ j j_i l.-»J I '£— Jij-^.jJ.1 ajlj^til ■=> loLloua] (JM-^>- (j^a JiJ^ilII ilaj i uj j ae-U (_£jlj^>JI 
.ij-uuYjm j-lC^ ij-uuijua Cj|j_»_i^a i ^A^-^J- 1 (J! ' j' T* ' j '' N * 4-HjjJs »>t'-^>- (j-« Cjl^_Je_J,l p J i •■ flJ ^j*— i i > j -f<i i n Z I 
^j— a a j \j->»-l I ^j -"' I ' ^" a ' (jM->- (j - * i-il-jij oj I'lLid Jl_j^_uJI 4_lLojj »i 23 (_jJ-Ji t_j-& *>- u»LJ,l Cjlj_Je_J,l 

JL>JI jjt> I -i^~~' 4 'j LLa 1 1 Ju^jTiJI 4_L,La-tJ r^J-^- 1 ' J ' "J Ju^jTu ^J-^3 lt^' Lr4^ 3 j-u LlI I j^£. Cjlj-ie-JJ Lai 
ojjJ^j j^J-^-i i^JlJ' *UI Jl-^-uj Jl-J^jjJI aa-j i uj Aj-2-i it.— l>- i y\^nlllQYS) ^j i —'j X I I fl ^J^~~'" 1 " CjI Jlj>-j ^_ 

(Air cooler Evaporators) fl^AJI jju^lul^iutl- Y t o t ^ 

tCiljl j i nil i " ' I A i ^—i a j 4_x^_>Jklj 4 I i a a * I , I a -i i^-il . . : ;.1l < ,"■> j .^—.",11 CjI Jlj>.j <^_ aJlJt" i n" ^P-JI /, ^j 

^jjJIj sJijLlII j-Jc-lU '"" flJ a (jr-Li 0j-Jij-<J-1J oJi-J_)-U JljJll j-L>JI jjjs jLsJl s-'^tJ' I-iThi) Cjlj-je-til ojub aj^jj 

(_^jJI JlJ^jjJI Jaj i "j x_a 3jlj_>JI (Jjl—u 4 JJ o^ (J^L>- ^j_a «.lj-JI Juji i JjLJI JtJ_j-pJI ila-j ■ uj /yic (_^jj->iJ 

^_ <Ljj^=j_/0 aJijLLo 4_>-_aj_a ^1 JlJt" i nLl «.lj-JI (. lSc m 4_lLi£. (<UJJ ( 4_JJLiJI aJL>JI JJ (Jj-reTuj M-J-l-3 (j^e i a \ 

.CLi\j>.yul\ '2- AJj^^taj (V\-£) J^=ui IL. 7t-tisj-a jjk U-^= oL1j^=lXI 
_ ^ . . _ 





















dj^.5 






^V £i>^ 1 


B^ 








1 < ~*j ' a ! ^ 



,1^1 jj^>^ (Y<\-1) J^,t, 

(Liquid Cooler Evaporators) JjI>«JI jjp^lul^ull- Y t o,^ 

(J^=J 4 i i nitu (JL>JI LiUjL^= Jj^jjJI ila-j i "JJ «.Lil lA- 1 *j'j^ >1 -'' (J-SLaI (JjjJa ^j^l aj-iIuLLa «.U,I J£)-i3 pjj '•^--i 3 '- 
^_ (Jl_>JI j_d> I i^— i o^ i"iLi-a j-<-g. 4_2jij_Laj di I Ij-se-ii, I aJlJt" i »" jJsj i ^-£hP ** J^'* t-^ ti-J—? lP - ^ (JjIq (.nil 

(_, <i i n" <L^aL>. CjI Jl»-j ^_ «.UIj s-'^jJI c^V *j'j^ >1 -" (J- 3 '-P (JdlA 3 O^ -?/r^' ^^^ fr'jfJ' bjL £hP (*-y t* -1 O-^J ^^>H^' 

Jij_^=i3 La LiJLc. tP-Jlj i_3>Li]lj I LiXI CjI j CjIjJbjJLIj ^j ^— j 1 1 cJijj^alll IL. aJlst'iim" ^^Jl j^-Aj i_sMJlIIj 

.oLdl CjI.}Ij_i '£— aJij^-j^s 
Jlj^jTJI CjI Jljlaj p La ' jj ^a ^_ *_ujl J^~~ ■ ■"■ ' ' '•> ' '^~~ <~W& JLj>-uil a U , , ,, ,U S^_iljJI «.ljj>.| 4_i_ulj.i pjj i_3j i u 

.( Y * Y -}j-j) i ^j^-*"" dl Jljl^j p La ' j ( Y * ^ -^j-^) 



^ . ^ 










jjJiil I Jufc jj_a 4jt.ll i nil 5 Jo- ill 4t- ** J 'J j^~~* ' ^SeiXI £y£. JllJireTu 

(Contactor) u ,,^Utik Ja±)6 ^\\ ^liAll J 

(Relays) cj^UjII .y 

(Capacitors) a-ubj^tl oL^gail .r 

(Contactor) ^*ytlaLuMi>4Jl ^uai- \ f r,y 
. (Spring)^U.j^l <_>^j ^liil J^ji!! ^Ijiaij (Al, A2) ^liiil lJiL>j ((j-^Min 





/, i iij ViLLt-ajj-^^aJI ^-LLaJLl *lj->-l (V * -£) J^— i ui 



^ .t 










tiJj^tl] I a Lai] (_£Ji-jJu»JI <_JLSJI ^1 ^ tVal-wtl <_s Jl^eJj rLlaXI cola £- ^^;j j^— • Jl jLpJI JJ>« j!a2 

(j^a^LlJI i_alj_LJ jj ^— " l_La>j Lljli]! ((j^aMJLlI) Jj-i-ajlII i_a1j_Li oL^>JI iL. ^ ^— j — " 1 1 Ja-^jlll *lj-^-l 

-So_*3 Al, A /. ^.1 "At I i a-La ^_g. jLjI]| g-LLa-SJl 4-]La» <L.j 4-SiLa ^ mala I '•"Jj j^-— II ->-l " A^lt ^ , „l , „VI 
(jjjjs^ijJI i_alj_Lal (ja ^— " Lufcj pl_j*.j! jjiajLJ <J^L>- (2>-a LlUjj jLu-II JJLh* 3 <J^ ^ylt-o VI LgJu a j ^1 ila^LsJI 

jjjjI (J 1 1 r~* all] I da LSj 



Al 



It 



*- l r ?i \ \ I /i\ a 



A2 



J 




Or" 



■ttal *♦ "jj j^~-^ 7-Lla.aI] i—oillj 4 S U U J 4j>-j"i ii t, I i Lai Sill (3 1 - 1) J^~» "' 



; l? ' "j^*'!-^-' 1 ' ' fl I * ** ' "'j.' 4_ul_i 



"tP^X 



(Relay) >^i- y,y,y 
Current Relay jLui j^* 

L-aJLa (J—i-ajj i«t.— l>- <(j_u_a}lj JaLajj i_a_La A_ a (TY-£) J^— i JoJI ^_ Tc—iisjJJ jLllII (_L^>.j-a ^j ^-.". i 
(i Jlj JlJ£.j .A_^=j^>JI f. Jl_l! aJ^LII jLuJI J ua^j (Jj-i-sjjJ LiUjij (jji^s^ilJI <-Lal Sj x_a S i_dj-j>J,l i|_ p_'J Sill 
(J I (jji_a^ij JaLSJ <_) Jljso /- ^— 1 J. I ^— ^ irnViLiLa JL^a J^JJ i^ 1 -^' (J 3 " J-'-' ' ^*^.' (jr^l- c - jl^P J- 4 - 1 ^^J-^' 
4 sl£>\ jj| ^j aJI J IjjJ 4 ^=j^til 4 JE-LJJj .tiij >J,I 4 ^=J->- lJ JoJ ajj Si] I (_S La J i^jl! y Lcl 



iaJJl ju^ 3^ j,Lia3 ^i]lj Stator culiJI *j^>Jl cjUia ^jLc (Electro Motive Force)4_uL 1> ^ = j| 

i Sji ■>« J J i^jJj (J^jJ.1 i SJLa J_ jLpJI ilsj^Jt, Jtlcj ijJa-j.J.I i SJLa iL.J ^-si-Sill ^4- jl^H^' Jajj-<fc (_J I l^A}^ ^- a - 4 

J-*-! . (o) rfUj-SIII L-SJLa (J uad J I ^jj_i |_j La_a 4_u!iL>JI 4 La i ul aj ^u^Ml]l LiaLSJ J I a a *" a /- i n j V-> LlA-t 1 -t!Lt>3 

d=J& Running Winding jJLiiJI oULa iLa^l^j dlj^+W jIj^^ dUj 



^ .r 











Potential Relay a^>JI j^ J*.^ 

l^t <i_dj^>J,l JU" uil (»J-C. 5JL>- 4r L-^LLa jj ^— j (_£JJI J j^tl Jjj-3 J-^J-^ (YT-£) ^j J^- iSi 7"-ajJ 
ot3,rt pjj *"'" ' *"*—• "j i c o ' aJJLI /JJ jLlLJI (J '^1 4 ali a (J^-jJJ ^_ Y- ^ lLs! all! Qa ^bj pjj 2HJI Jt_Lc 

.Capacitor 

(J-a- t J c L - J l v £ Ljjl i n"i a J ^ -> 1 1 3j-^ (JL9^~ I J I j-Jj O * ait I *_a ^jljjJI (jyic (J-uaj-a (J^j-U £ya - ' i aiXI 

°-^ I aJU l ^-Cr^Wi -^^ , d>3 J^J-* "-^ 4- cr 5 ^ jW 3 J3>* (Jl iJ-^M ^ (150 % Ljj-23 ) ckiJI 

.ajjljjl (j^a /<ua^jj| I V*/^-» ^j o I all, I r-j-jt-i] Y- \ J »^3 Jl i_£J>|-)j 

N c 




(capacitors) ;Lub>#l uLa&I- t,t,y 

.i_dj^>Jkl J t<* s^ls (JljJa LiJj^sJkl <il.il (j** '»■>" (jJ-C (J-aJ«J lIUJl^s c Jj^ilII «Jl>-j Jjt £lS «.JlJ Jtlc 



> . i 










.(—JljlJI ( _ ;r Ll aJLsj^s '"■''1^— I jl (jrlLc jLpJ ^L^- 
j I < o" i iiLi 4_i^3L>JI CjI .V*»^-» 1 J j /<u^2jJLi <U^sL>JI CjI al^a 1 1 I a A CjI A"^-. 1 1 /yj jjL^uij (juijj i_l!l_La>j 
LoJlJ£.j (JjJLifulII 4_jI JlJ IL. i_dj^e-aU (jljJ-S fO-* 1 "^ x*£.\ (jrlc. J-a-<3 pjjS'tl < A_4-aL>JI CjI A",^— tl'a t Jji u,*"tl 
j I < o" i ill ' ^"^— ■ ^ jjj I J^jjj 2jj| JlJI ^j_C /<u_j_5jJI ' a "»^-» a J .-^.A'i d "^—■j > ^j_a ( /oVO ) Jl i_l!j^>Jkl J L<a ) 
Lai tjjt (*i"itl j I j o" i nl CjI ^"^-» a i AJjLiLa j^Juus /<utej>-j <^JLc CjI » i u CJli (J-ti iVitl $.Jlj CjI ^"^-» aa tjj* (""ill 
CjI * i n CjI j i^j-&3 ' 2j^l jJI ^r- ^ 0** \y& (J^L>- <-^>^ >l i ' * l-il Q^ iii>i ty^- (J-Q-*^ J J* u."'H jl) a" i "I CjI .V*»^-» a 
J^— » ■"■ 4_i lLlj *-t , I i_3^L«Jlj ' ^"^-.tl ^j^j ^j|j^>. (JjLu ^ jJ ax «.Ijj>-Lj 7-1 a ' nil ' ^ *AjJ 'J^"""* ( <S - : ! E - > 'J S> i«i<-< 



./o-st^JI <C~-l>- (j-« CjLajJ=3Lil (jrCj-i (jt-> 3j-^' T'-'-^J- 1 (V £-£) 





pjj^"'M < '^"^— " 



(Jjt Mini ' ^"^—i ^ 



/ojj^jJIj Jjt i""itl i /t"^-i a (V £.-£.) J^-' ■"' 



al^= » 1 1 > J7~^ J I ' " a -J^*- o-^ L7^ J"^^ 3 J w -^i ' ' V*'^— 1 1 A_^_Lo jJjj^s^Tu («J3 . ^ 

4 La^ i •■ ' 2^ILflJ ^Lt-ajjo i Vi^-itl iiJ>j| .Y 
i <l"l U^\l ^ (Jjjejj/J ^j i '-^ a ^J^'-i (J-a-<-i (<kJ3 T 



\ .0 
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*i*3* 



ujj^I S ^l,tl 



.^ irT>p II 1 1 1) n i llf] -c^ i n II p 1 1 n i M fin In II niiiiiiq p II 



Jlj^ujI '^>j ' "j t » Cji JljvjjI ^j_re_tl(j jLj^aldl 







.CjI Jl>-jJI ^j-a- i*iij i_j^jij ^_ rfnl i ntlj ^> i-^11 <_ijJLuVI pLui lijIJUfcJI 

tjjl^fl 
:(_ylc SjjJill LiLijJ ,jj^~~ » ' a Jl>-jJ! oJlA (J -y^-." LaJtl£. 
«Lse-i.3e uaJl <^jUll i Ju^jTJI lLj-i ■ ua J^a a I la * 1 1 kjjJu • 

.(j-Sf "ill 4_JUj«J <Laj}L!l CjIj_l£3ljJI J -l** • 

a Al",-»^ ^JjL-uJJ (JO* 3 2 JiJLJ (j^f '"'" * ^ 1^ ' J " '"' * 

(((uialj^) cjLJ ajMj *^j (Test Manifold) jJ^LuUI ,U;,^t| L>U LS jL^ 
.(Recovery Unit) jl (Reclaiming Unit). jj><i!I lLs-l^j SjUiml ; j^j 

.kjtjJH 4-Scua^a 
.(jjj-jejjl «LJ| aia i uf 

.(Micron Gauge) jj>ii!l <>"L^ -jIj^ 

. Jj_j-l1II Ja-Lu/jJ Ja-i tiaJl a SjIj^kJI CjL>-jJ (j\^ XJ£yLxl\ (JjJl>- 

. S Ac J3 iflj i La 

:3jlJL*JluLUiax« 

■ 4-Sjl ) nil 4-Lu/ljjJI CjI Jl^^JI ?-£&>■ jl-LL>.l 



\ .A 



JUjuIl li^wAJ ijljb-jjl jj&wj JJj^" 










jpjUJi kjut^juiji^i j^wjjjjiiii- A«fc«L^riJt?-^ji 



jj_aj t aj^UI T-M-^a^Li aI— lSJI <J-^9 dj! ^£>^' ' ^J ' "J « J 



4_LliLll Ja-Clj LtaJl ^j>» » i ^_ Jjl^L>.| Jli^jL>. jl aLjsJ 4_lL 



j/ 1 t_J LajJ < _ 5 jJ1 O^UJI <j-a JjJl«JI LlILok 
j-LaC «.Ij_>-I j_aVI ajJLj < ij— i-uJ J_a^>-j Cj2L>JI oJ-it 



4_x_uj s-LlLi JtJ^-pJI j-jIjJ ^J-^ J I "*— 'dLh*-^' - i 'J-^'— ! 'UaM^>-'_5 O-JJ-JI 7-1 m"l (Jj (_£-}j-> L<j-4 3 I a a 1 , 1 I a i a * 1 1 a 

.CjzL>JI jj^a Lfc^_t£.j S.U.L) aJ^xll '"" A",^-. 1 1 (Jik-lj s.La aja mLa j i ■■^-» 
4Ja i u| aj r-jL>JI J I oJj-Laj Jlj^jTJI . t-> i , ,,j i_ ,->■ ,n ijx (_i_>.J Jlj^jTJI i laj i ua S.M *" i u| (J I <L>-L>JI JlIc 

j>bro La^lj (Global Warming) ujjlj^Jl ^Lo^l Sj^Lti ^^j^b <>a cdijj U jj^ 1 i^** 
.Um„j <oU- ,„l s j^j Oa u.Ijj 4^*_^ .. , >u J_> (Ozone Depletion Potential) ojj/^ 1 s ^° 4- 

.(Recovery Unit) j! (Reclaiming Unit). jj^oJI 



J^~~ ' ■"' ^- 7c— xis^a j) fr I -i ^— ■ Jlj^iTJI . t-»j - "j <?.M t" i ill CjI Jlj>-_jJ 4 aJuse 1 1 pj" "•*"" ^j-d JljJlxJI liJl i ifea 

:L$iaj O-O) 

.J^sJLs (JjI i ntl Jj^jjJI i taj i "j S.M t" i nl 6 Jl>-j "" ^ 

Ja a£ jLiJI Jj)-Jjil i laj i ua S.M t" i nl 2 Jl>-j ~ Y 

.OJJ-I' J '-"^ f-s jL*-ll 9 (_pl i nil Jj^-jIlJI Jaj ■ ua S.M *" i nl a Jl>-j ~ V 

.C^JijJI (J-ua^ tjjJJ jLiJIj (JjI i ntl Jj^jjJI i Laj i ua a^l t" i nl a Jl>-j ~ i 




Jj^xlII Jajjj/j a^l t" i nl 2jL>-_a ^-0) J^— i ■"■ 



JUjuIl li^wAJ ijljb-jjl jj&wj JJj^" 










(_<_>.j ' a l"-»^ Jl-j^-u ' t-» . . ,.jt JlJ^uJI Jaj i "j ajl t" i nl «Jlj>.j (Jl o <~ i ul 4_JL>- ^_ j^= jJu j_iJl>- jjZ> La-aj 

tUHJIol^nntlSUll^a 
aLI j! lLLiJlJj Lil ml i ill ^,-lc- Cojjjj _L3 J_j ^-— i" (<J La _Lj^-i1'JI Jaj i "J tfjl *" i ul a Jl>-j (Jl ml i ul aJX. ■ 

.4_a}L_a]lj jj-a^l Jl£.Ij1j J-«J<-II Cjl^LaJo J^l^—tl 
■J^ll i nil Jjj-uJI Jaj i "J i _j^a Ju^wiTJI Jaj i uj tfjl *" i ul a Jl>-j kjtjJu ■ 

. (Filter dryer) . ^ r ti j: :- ■ 
.A-i^LajJlj *l^JLi ojJUl jj-a only. H 1000 Microns tyJlj-3- Jl odj-^^ 1 r,l j> u - 1 1^ 3 

^jjj ^-'J" -il J^JiJ ( Y-0 J^-» uA\ j laJl) a JlJ^>- )Ljj_aj 3 se i a a (Jl a*" i nLi ti-Uj (JLc. Jia .^--tl ^j^-. <i «j 

(Micron Gauge) 




i_jj_dj a ^- i>i a (.Z-J ) J^—* ■"■ 

l_a-4 (jia-5U x_a CjljLiJI JaJLa» a JlC (jLauiaJ clU j j < (jjj-iejJI AJI aia i ■■! (_ylc jL*-II (0-"-ul 4 )Q^=i jl j '^-t 

. Lj^al Jiiejj-ul ajLcl a-^C-J LgJ ua3 '.'*"•*_' 
4_i^L>. i'llj U , ,,l aIJlJi-" ml (. i ■> 1 J—j t^jJij—^vJ ■ "il'iljU ,,,1^— i CjljLJtJI lliulala ml (Jl a*" i ul A 



J^~* '"'*' ^- 7^— <-^ 5 3-' a 9-4 ' i ^~~* (jLicdl ,aLa-i^a (J-il i nil aYju^s) i^-a\juus dil j>_a (_p3j_iJI I J-J d ^ i -■< i a a a 

.(3-5) 




jjJ^ieUI oljU.nl (3-5)j^i.t.t 



^ ^ 



JUjuIl kuijj ulJbjJI j*uj iijAy 










Kol^kiJI ^ Sjki J£s £* (t 4-0) J^,,t,tl J! jJ^I) 







.LaM^aJlj <j-aVl Jl<2.IjJ9 f-Lulj 0>Lc.t ej^aJJtl Cj L^-llTl! I ^^ £>LLVI ■ 

J\ (Test Manifold) jdai^m .U; .Ml ^Liis jL$». t > a ^L*]! .U; .Ml (Hose) ^ J^-^j 3 

.CjLlII £_ is.S_a3»_aJtl <L)_alajJI jl *l_a«JI (j-« (jjaJLSelU rjL>JI Jl jli-JI (j^a 1 a i n^ ct— AJl ■ 

.jjjj^ni ^ljU,„l 4. JjUJI ^u^ jl (Center service hose) j^yi a^j^ji ^ <J-u^j3 

(jlal ri>«j| Jl (_£.ij-> La-a i - i J' _ ' *' _a 4r- Od} - ^-^' **''' J'-" ■ •■' ,*— *-^J (j ^~* a ' *_jj_i-u x_jj_a3 (_r^- OJ ' a "*" " J " 

.^jjjjjtjJI 2'iljtt , ,.l ^_ JjI , „t| ^La^a tcHsI ■ 

^o ,,."< <_3j_^ .(Test Manifold) jJ^LuUI lLjj .mi ^Ljis jL^ 4. ^UJI .Ui.Ml ^ Lq^ ^1 

jl j-*- 2— (jL-J-l <U>-L>.j Jij^>-j <UL>. ^_ ajufel Mia | j^— > 1 ' jl jjjj^tjjl S'iIjU. , „l Ml Jj^xlJI lLs-Li u9 (J_oi»0 

. jJajLuULl i La » . a ? I L >"L^ 
(- lsc . n \ jl (JjI ...II lit i ii ) Lai i 2 _>L*Ti_<_u zl 2 Jlj>-j (Jl at" i nl_i Jlj^jjJI J^j_uj »jLlLluV (jl "^Jj la liJLukj 

.V7T J *— ' ^~0) J^— » Loll ^_ Tciisj^a j^k I <\*L- >a jLJcJI 



> > ^ 



JUjuIl kuijj ulJbjJI j*uj iijAy 










J5LJI S 



! (<_) £ - )j^~* iIlI I ^_ (j-t-La j^k I o^— i L^j la La ^- _a a Jl>» aj I ^j^a Jj_j_l1I I Lla-i ■ ua i. i-a- 1 uJ 4_*jj_i_u 4_2jj^a (jr^J 

(J^L>- j^)-* chi} - ^ 6 -'^' ^'''J'-" ' ul JJ e Jlj>-jJI ^j_a J flUL (JjI mtl Jl_j_j_lLJI ilaj • ua jjj ^j-« > ^-.l"tl ^j ^-. q « ' 
(jicl (<U JjjLS.} SJul! 2 Jl>-jJI t-i!^3l ^jJJ-JcILlI 2\\jt> , „\j I Jl>-jJI jj^-l ' '-" » ' -" 1 1 (JjL*JJ (j| Juuj (jLuJI <L»-L>.j 

.2 Jl>.jJ| 



(jlij) ^jkiaitl ikildll <^U>j3 



J>UII 



Jb^jDI tlsfuj J^LCual i J*J 




(Jjl I iltl JlJ_j_l1II lia-UjjJ 0.M t" I ill 4_2j^ls ^l_) £-o) J^-i .". 



>lill 



I gj|jiaj.j .^ijj-ls LjJ9j Jlj>-Lj jLiJI i- i ■»- i n (j2 i-lLJjij aj '♦ uaJI CjI Jl^-jJU aJlJt" i h"< jL-i-II <- < t < u 4_iLi£. 

.(r 1-0) J^- <UI IL. 7e-»isj-a j^k I o^—j Laj^UI Cj^Lu-ajlII siT 



^5 jl_L!l 



(jr lc aj^LS (jj ^— •"' jLi-II JlJ^-uJI daj ■ uj I. i -a- i u 1 Mo uaJ. I a I Jiir" i n^l tfjLcl a Jl^»-j ■ 



cii-W 



jl**J)tili> 





'^^R 



jj^jifl J^*,j ; jUiuil ij»j 



i*»tUI 



l3*l*JI iffi^mM 



i)\j** 



jUJI Jj>jUI .U^i.-.j ;^U"iiiiI ^Sjjis (r £-0) (J^=u 



^ U 







- :4-JLi]l CjIjj^/Ij jJu<JI J-^JJ (_cjvj i J>£>^l ijaj-mj qjQ \-$JujJu -iljJ.1 ejL>-jl\ Jl iaLiisj 

.dLJ 6>Ij ^ (Test Manifold ) jJ^LuUI .U;.mi ^ls jU^- ^ 
.(Recovery Unit) jl (Reclaiming Unit) J .l^l^I sjUi^I ij^ 3 - Y 



> ^r 







jl Jl_j^jIlII 2 J^j>-j j ^j**- ' CjLjJLiC &—&] (j— a /«— ill 4_i^lajJlj *lj—JI (j_ a Jl_j_>_lLJI 2 J^j>-j *_jj_aj 4 jj »£ £j| 
aJl^I i. r i ..it sJl^jJI «.l j| (_ r lc jlj—iisl (j_a ijaJajJI j «.I^JLI U, lLUJj 1 Jjj_lLJI lLs-li uaj I j*-> ■"■ (Jjja 1 ^'^^'^~'" 1 ^' 
(ja ^3] JJ (_^Ji|_i Jl-J_>_lLJI ' 1 ^— > j a *_a 4_)^JajJI Jj^>-jj (J-ti 1V1H JaJi La pLojjl /J I i^Jl-i La-a g. '5^-? 1 ' *"" ^-»" 
JJ (_^JiJ_j l£JJJ ^-— J «jjjJI *lj-^-l L^la « < loJLI (jjLti.1 IL. J ^— l"j ,UA1 ,>,tl tiJj^ta 1 a I" <_ u , „" ^^Lu*-! 

- : A-JllLlI oljji^lj JJl^I jj3jj t_Ai t LfrLa AjaiajJIj sl^l 4-IljJ JiIjJ.1 SjL=»._aJI JJ <JLaLaf 

.cjLJ 6>Ij *^j (Test Manifold) jJ^LuUI ik;<MI <_>uLl3 jL^ - \ 

.(Micron Gauge) j-j>ii!l o ^ jIj^- - y 

.^jjj^cjJI «LJI aia 1 u| _ V 

.LjjJu d ->■ ,'^ a - t 

.^j-L>-j_pj «LJI ala 1 u| - 
.SJlC JjjJuLLa _ "I 

(J^jdl CJljIai. 
, u » , :- 1 1 ^uLt3 Jl£>. (J I t"n 11I 4_uLii=3 (jr^- "* '-^"" <*~>-A (j-a 4-Lil , nil CjI Jl>-jJI ^_ 1 ■ 11 U II (_ijJl3 (j| Juu 

jjj/LlS jl^>- (J -T* AJLjJaJ 4jjL>-l jj^a JlJ^LS £ x_jj_<iLJI 4_je-La_a gjjt i"ilj (Jl ml 1 u| 4_uLi^=3 1 i 1 1 j ^~~*J) 4JLu-ajjj 
$.I^JI jjja cJij_i^=>j a! Ju^jj a Jl>-j kjtjJu J-a^l il)l alaa* JLi La_L3j < jLjj^TJI «>*»■ >>« a lLU Jl^=j lLsJi LaJI 

- tAjaiajJIj 

er k J . jLi 2 j_a^_all a^jlJJI oUUlqj (Test Manifold) jJ^iUl lUl^I (^Lls jL^. J^j- ^ 

Ji^>.j a_Ic 4°JL>. A_ l—JsLTJI a I -i LaJI (Jl ml 1 ill Jj, ^- — ■ <i 'j .CjLlII 4 La 1 ul aj 2 Jl>-jJLI $j LaJI a <. i-a- 1 oil 

.<LajL>. CjLaLt^La 



> > i 



JUjuIl ^luu ulJbjJI j*uj iijAy lA u &Dlj JJjull Vllu j uLlwLuI t 2l£)j )J*aw i-fc u Sjj JUjy 




J^b 4^rii,l oljliJI iaL^= jjiaJ tdli j aj^j^I (Test Manifold) jJ^LuUI oUU^ £&]- Y 
3*ljl J^ Jj^^jj dHj j Ja^yi a^j^ji ^ 4. (Micron Gauge) jj^l ^L^ jI jlc <_L^j- t 

.i-j^l'J! i La » i a ) 'uLj^Js 
.j^aVI ajJ I jl aj-tjjtja OJJ-JI ,_)-- Sej$» jLj^-oIlJI <ie-ua^a l _)-^~- a ~ £ 

. (Micron Gauge) jj>iHl ^Liis jI juu j^ni ii*^-« <_L^j- o 
.0 < mbar <yij^ Jl (Micron Gauge) jj>iHi ^La jIj^c 4- ,u;.mi 

i La i ' a II jlj I jl i jLj^ojJI (j-uLiJS jl JlC ss-Ij.^9 i-Lka. 2 J JjjI-iS-S ^ * - j LalJIj k-ijJu}\ 2^. ,'^a i W*j\- A 
2-iLjj i La » i a II jlj I jj Lai .4^>-^Lu3jj 4-Lc I kA^=JI <— cJe-L3 i_ij i n"< -i^J <JLl LiUj Jj cS>*'' ^J - " 
4J&Ia ivJI (_^al '^"« * (j-L>-j_^LtlII (JL>-jJ (_<^>oj <L)aia jJI ^Jaji ' -i^>-J Lr^ 1 L ^-0 (J-^ J 2j ■ u| a AJaj^eJLa 

.sLj^ojJI ioLclj 

. a jL>-_aJI (_Ji-lj ^j^a <U_aIajJI -ij-La (j-« I ^~~* ( " 1 1 &^jj±>- ~*jj < y la 2jL>^ajl «.|jj>.| ^JaJtJ (j - *-^" ' "" ;J^~* a >~ \ 
.*l_a-JI x_a I j lSc ■ u (_ylc <ie-LaJL I <J-«3-*J j <L)_alaj ^1 j-Je_u /yic JlcI > u ) i_a-LiL>JI ^j-LJr i n"tl 

jij^— <" lLUJljj I jl ax sL^J^i jLj^ajJI a V i>» a ,j ,^.iaI t uj i n" lLI LJJk (j njt (_^l i La » i a 1 1 tli_ftJJ 4JL>- ^_ ~ ^ * 

■ ^j-se '"'11 2j-&Lrs- 2jL>-^aJl 



\ \o 







JUju^l kxw^J uli^^JI j^u : wJUUI JttAil 



4^sjLdjS 



■1.3 



«Jl>-jJI (J-a-C (jV LlLtjj ti ^^^^~~'" I ^'J ^£>rj-^' o*"^ ** ijlj CjLJLiaJI jj^a 2Jl>.|j ^^^ ^jA i"itl «LJ aX (j| 
4 Ise )*iitl jjLuaJL) j! tL-t>» .SJl>-jJI J I a LLajJ, I a La a uiai, I a 4_l^uLl1I 4 Ise i*iitl 4_l«-^= L7~^~ ' * a j" ' * -)l ^ l> ' "J 3 "^ ' 
liaj. iL. 'k* iaJI (jlaLiisol l£JJJl^3J «G»La^=» <j-o <J12j La-a j^e-J-ll JJ LftL^sJI 4jJl*1!I j-2oj aJi£. Jl (^.ijJ 
Ju^jTJI J-^JJ aJlC (_ i 1 1 n ) <* 2li a I 2 < ■"■ I II a 4 2 1 » ll i La C I a i la 1 1 A_ J t-<r. CjjJl>- (JLaTc^l ^a Jjj-i (_£JJIj i_cSe-uJI 
4-be-coJI 2-iLjj Lai 4-j vl . -V.al CjLjjj <j-a dlljJ Laj Jjiu.ntl Sp3 ^Ljj <J1 L^-^Ji ' l - )uk J^ 3 .LgjLa.lt, ,»j!MJI 
'£— 2-iLjj <-dJjJ Ltjjj i La » i a 1 1 £_ pLajjl Ljle tjlILLj i V*.^-.tl £_ ^jjl , M tl ^^ya *j ; • £a 4_u^= -ia^-J (jr^ 1 Jo*"" "*^ 
p^>-j lLUJl^=j '(JJ* i"i"itl 4 al^Bj 2-iLjj J] J Ja£.LiiaJI (_Ll4_><j Jl i^-i|-> 2jjJtJ Ijufcj .jjJaJI Sjlj_»- 4_»-j.} 

.4-aJj Jl ^->Jj La-d ijai: 1 uaJI Jl <JjL<-u 4jjjfc (jy Ll JlJ^jjJI LJa-Lmj 

^_ AjjLiJI 4_2jjJaJI ^JuJr") n" SjLc^ <UjLu a! ijjLc. flj j i ^ ) Lai Ju^jjJI Jaj ■ "J ^j-a- i"it (jLiiL^la dJl_L& 

.(Jjl i ntl jl jLitu Lai 4 Lse i"itl J -i ^-»" i ■■" /<u (j-«J ' aj-ili/LLa «_jj_iil!l Juu a jL>-_aJI ^j^r i"i 4_il JlJ 



jUJb^^l -2.3 

l_-L3e-cuJI Jaj. jjja 'UJLC. Oj a i ^- ) Ju^jjJI ' -^J ' "j ^j^r '"'J^g Sj-tit-LaJ I CjljL3»^U A^jjJaJl <7jui (J o t" i uj 
jLxJLl (j-Se '"'tl aJijLa (jl . JJ^-uil Jaj^uj 4JI aia ■ ul ^ya ajL>-jJI J I Ju^jI'JI daju-uj <- itt i nt ilaX I uaJI Jl ml i nLl 
«.L<j| jLiJI 4J| aia ■ ul (Ji»-I-} (Jjl i ntl Jj_j-<jJI i La-i ■ u a j-Je_u 4^e_uj «Jl>-jJI Jl I a^JaJ jLc. ^j^r i"i (jLajis ^-jk 

.(—tjlj) Mitl ^j^a 4 j 2 *"' ^J\ i^^l^ ^ a_4 Q =r ' 

z s-^r'-^ ^^ 4r ^d>^' ^' "J 4*iljU , „l «_ii5^aj ciUjij j-LJe-JLtl 2-SLjj (Jjj-Ls ^j^l ^j^r i"itl <Lc.j_m »-iLjj ^j^— » ^ ) 

(_^jljj>. jju-a^a (_^j jl c_x-J Jl Jj^uJI i La-i i nj 4Jljt-> i ul ( _p3j_*3 



> n 







jLiJL) (jja- mi It 4_aL*JI i ~ 1 1 j U A- 1 1 
(j-a^l JlcIjJ9 j>_l^>- f-l_i3] Juu 4jjl_£. *JJ ' ^ ' ^d>^' » ' "J.' (l> sr '"'^ 4_JuL]| ' ~ J P*-* ij^~~* 1 ' 

f f>-f>^ J^_ /r.tl !S -, ,Xj^ j^ 1 n ^— j-> ,1,11 a'tljU.,.1 £ ,U ,„jtl a ^ t-Ltl M J'-^j -1 

jj^jill lLj^uj ^''ijt — i >U-i^ 7cj^J (<u ajjj^ii (Test Manifold) jJj^uUI cjUU^-a jt^l -2 

(jic.1 /«J CjLlII £_ aji^a^jjl 4_i^LajJI jl *l_a*JI (j-« (j-aJLjelLI rjL>JI Jl jli-JI ^j^a /<> i uJ3 i«t^fljj }LiJJ9 

.AjjJljJI Uj-ajJl 1,1 CjLoL«-u3J ^j^c-jJ! 4JI ala ■ ul aLq-us 

^ s^>tl Laj^iJl oUU-^j (Test Manifold) jJ^JUl .■k.^jJl ^Lii jL$^ oLJ J^j -3 

1 la » uaJ I f^l (_J-u^a3 (. 1 1 1 11 jl j ^-— »■ Ul ) ^_iJl>- _a-ifc L4-4 .CjLuI 4 La ■ ul aj a Jl>-jJj i i>iaj I a i.iTi nil /— Laa. 

. Jj-LaJI LLaJLus A^jjlI, (^LstJI 

2*1^2 (_p3jJJ (jJjl i ii ll jj f"J-^' (j-* 3 0-iL^= Ijj Lujj>- A-a-j" li a <LajLi>JI CjLaL«-ci5 (jl (j>J Jl^=Q]| _ 4 

■ i- <■* i ii ll Jaa. A_ .i^rs^jJ,' 4_ajLi>JI aLj^o j_« Jul!! i ise i ii s y-Lq-mJl a i La a » i ia 1 1 

, u » , :- 1 1 ^uLlS jl^>- 4r ^J^T^' JaJuiaJI CjLaL4^3 TtTi^l a] Ju^jTJI Ja-Luj 4JI aia i ul aUo t^TlS) ~J 
t-i!j3l ,2Jl>-jJI (Jl jLiJI (juj_i-u Cjjj-a * <i i ul i_3j^u (0-0) ^j*-— ijuI <4- ? ,|: - < ^ 5 J- a J-^ < ^' : ~~' jJajLuULl 

.jLtll i'ij'^1 lILcLqjji lJlSjjj (jl (Jl a Jl>-jJI ^L<jj jL*-II 

(j^ij (0-0) J^— ifu.ll '£- p-uayz jjfc Lj^=j Jai tiaJI <j-"L^ j\-fr>- 4_ t^J^' (j>J^' Jai-»iaJI aU^s (3^^ "6 
(j^3-4-i (Jlllj 4_Ljj/l_m ^^ -i^~~* II ' ajL>-_aJI (j^r i"il (jl (Jl (j^e i"ill ^_ \ tj~ i n'j i La C I ijaj I (J* i"i «3 

. 4j>-jJlXI (jjr i"itl <j| aia ■ ul aI JlJt" i ul jl 4 Ise i"itl tjjj <J^L>- (j-« LbJtJ Ju>J 

4 a»ali fl V I <LajLi»JI CjLoL«3_i^5 )»_L4J>. (3-L^-l " / 



\ ^V 



JUjuIl kuijj ulJbjJI j*uj iijAy 











c^^" 






AjjLc. oj j i ^ ) Jj^jjJI LJa-i i uaj ^j-a- i"i (O-O) J^—' ■"■" 



(JjLjJu (j^tjjJI -3.3 



Jl Cilj CjIjl>-j1! 4 2 Jj La 1 1 <jjufc ^Lu 



Ju^jTlII Jaj i "J ^Se '""13 ""J ' .' ^~~* 3 ** ' "J 4_iJu^jTiJI C 

^j-a (JjI i ii tl JlJ_j-uJI Jaj i ua (j-^ 6 '"' i*^^- *— ^^ (J-il i nil ' laj. ^_ .i^>-_aJj gj-^ 6 uui Al-4-i^s (J^L>- (j-« 4jLiLuj "JJ ' a ' 

<LJ| ala i u]a a Jl>-_oJI (j-u . u» <^»tl i ( J^eJL>.j 4-Sia-La ^j 'J^~~*"' (— cJvjj ^Uf.l .Ml i si\" a j iI^-i aV <_lUjj (. cSe i oJl Jaj. 

.«Jl>-^jI J I (J-il i nil Jj_j_<jjl Ja-u u a i.^Tiii f^ysjJil JlJ_j_lL!I Lia_uj/_a 

( j J o ; U« ,MI i jjicJbtrJI Aj-I^J ^j^— ■ i ' i 'LajJtl! Ju^jTJI lLs-ujjJ ^y: LaLw <LC^LU a! s JljJu>JI CjI Jl>-jJI ^_ 
a Lg-LaJ JlJ^-jIuI Ja-u u a 4 )l aia ■ ul (J-u^oj /«3 ^j^a L2jLuj «L>-^_ilu ^..a I a ^-— > x_jj_<2J ■'■-'^i' 2 Jl>^oJI *_jj_oj (J^L>- 
^j^a LkJtjJu>iJ (j^=3Ld-i (_jjJl J 4 'j I La I , I 4_uj^=JLi 2Jl>-jJI ^j-jr i"ij (Jjl i nil Jaj. (_ylc -ij^-ji,! <LaJiiK]l jl ^j-a- i*iitl 
^_a J^J^JJ lLs-Li ua I jl^ I J ' ^_jjJl CjIJl>-jJI ^_ Lai .A^jJlII ^j^r i"itl «LJ| aia ■ ul a I JlJt" < ul jl 4 Lse i*iitl tjjj <J^L>- 
^j^— » -v 1 * t I J La *j->- 4r f^Lus 2 4_3t_uj Jj^xlII lLs-li ua ^j^a Sj 'j^~~* 4_uj^= ,JI 4_»-L>ij ^j^— d Jjt i"i" <UL>. 
lLs-Li "J 4JI aia ■ ■■! (J-u^ajj j (Jjl i m tl tjlj^>- (j-« (Jjl i m tl 7:$J^* f^iji-us ^^Lcl (J^L>- {_ya dajt ual\ i l J^clie-i}\ J^J-t^aJ 
» ' "_J <-'**•'"< i— flj) ' "^ t (_p' ' "tl o'> rs ' J- 4 -^ (J-a-<^ Ju^jIlJI Ja-i i "^j 4 )| aia-i-ul (J-t^vJ ^ja- ' "tl r> ' a i <a ) Jj^xltl 
.(VO) J^— ifuJI IL. 7tJ-a3-« jjb 1 -i^— > 'UA1 ,Ut| ojjjj (_^ JJI JitisBjJI 4j»jjJ I JL=»-_aJI Jl J>J>jltl 

. UA _ 



JUjuIl kuijj ulJbjJI j*uj iijAy 










JjLmJh (j^tAU 4_aL«J| dil alajjl 



(j-aVI JlcIjj9 i>_L^>- f-LijI Juu (JjL-u Oj j ' ^ ' Jj_j-l1II lLs-i ■ uaj £ysr uAl i-JLltl d)| a La^JI f-Lul ^j^ - * 1 ' 
! ( aj i ■ ^— » ) la 4 La ■ uaHl ,1 A-iJj^xltl Cil t 1 a] I Cj|j Cj|jL>.jlt L$j ( jr i^j^a ^Laj^IaJI <>Jlj1> (jl_) jj== jjj <La^l i ntlj 

7tl2j *j AjjJljJI UajLul 1 ,| CiLaLa-^o T'-^l (*J Ju^jTJI i La-j ■ "J a\\* U , ,,l ^_ . U . ..jtl ^LaJ^jJ! ^_j J-^>j .1 
<UjlajJI jl *'_£(J' (j-a (j a I -*■" 1 1 r-jL>JI ^Jl jLiJI £y* (<u-a3 i*. A /t ^Liia Jj^xLtl i-La-u ua «LJ| ala ■ ul ALa-La 
.AjjJljJI UaAjjl I ,| CjLaLa-i^j Ju^iTJI ^-La-Li ua <LJ| ala ■ ul aUj^ [j-lr.l /<u vIjLJI A_ S-i^a-ji,! 

«Jl>-jJLI J>j_LaJlj >. cse i uJl ■ Laa^ (-r^- Sja^aJLI <LaJii>JI dll aLa-uaj UajLul I ,| JaJi tJaJI (jj/l_iJ9 Jl^>- <J- l - i5 J "•<- 
Luj^s. 4-a-j" ii a <LaJ_>JI CjLaLa-i^ (j| /ys Jl^=L2IIj .(. lSc i ntlj ^Ull JaaJLis 4jullX tiltjij CjLlII 4 La i ul aj 

■ dajt iMI (j-uLi^ (_p3jJ«J jJjjLjjJ.1 (_£J Pj-^' (j-* duL^= I jl 

(JjI i ntl (jlj^>- Jl*-I -i^>-ji,l {jsr tlitl ALaj^s ^_ 4j|_Li5jl j UajLul LI i La » i ia 1 1 ^jj/LjS jL^>- (j-« <LoJiJk]I <_] clLs -J 
l_£J (JjI i ntl tj'j^>- (j-« r-jL>JI (JjI i ntl 2U12 ,jj^~~ ' ' "4J* - ' "^-^j • O - ^) J^~~' '"'" 4r 7 c - l ^ 5 J ja J-^ t^~* 

. y (JjI i ntl jl i na jj^J-cl Juu ^j^a- i"ilt (J o t" i u < (jl ^j^— > -1^*^ ^jjjl i na 







jj^i-.U-. 



JSLJI 
J5LJI olji <> _. j^^,, j^^ 






(Jj Luj Oj a i -^ ) JlJ^_jIlI I i La-i i uaj ^j-se ~« v V - ) J^— > ■"■ 



> H 



JUjuIl kuijj ulJbjJI j*uj iijAy 










jj^jjJl uLa-U.ua (jjs kc.jJija «Jl>.jJi O-lL^a I jj — I 

(J\ (Jjl intl (J^S^-i aL<3-1^ Ai^J f*^ ^^*" 4r W 'tffi '"^ L>1>*" <Ji iffl '"^ lj.3*"- 3 (^L*- 1 -^ Jjic-I * 

(J^>-j *_La-i i_3^jjj ljub jjJaJI aL«_i^3 Jj-Lcl 'P^^^H' r*^^ < a '-a- l " i5 AS^S f k ^ £ ~ 3 (J-il i " II (jD"*" 

.a Ju»-jJI Jl (Ji>-J^ i_3_o_<-u i La fl£ (Jjl i uJI (j| (j-a Jl^=QLI JlJ^jjJI lLs-Li uj 4J| ala i ul <_JJsl • 

«jj| ala i ul 9 SJl»-jJI (j"*- 1 LLaJLtJajl (JjL*J jl 4_ujjI_LU 4_La^=JL) 2Jl>-jJI {_yDr t"~\ (jl Jl ^j-a- i"itl ^_ j o" i n ' O 

. Ju^jjJI l-La-Ll "J 

•tj-se '"ill aL«-i^5 j Jlj_j_uJI i La-i i u a 4 )| aia ■ ul ,aL«-i^s Jj-^-' ~" 

<3 I jl Sj-kaJI *\-a-l& 7=-J^l jl 4J9}J-C.J («JJ 0-i^-j iJL». IL. (JjI intl (jlj^>- ^IJ (JjI intl (J_ai»0 aL«-i^ J 11 -^! " ' 

.4J3>Lc.j 

, U.j » , ^ 1 1 j Jjt (""ill 2jIjj>- CjL>-jJ i_ iJ9lj J Ja.C 1 tiajl (Ji-ilu "O 

4_j^LtisJ iiaeji <JJ ^l^>tJ a JL>>_aJI CtJl^a lij — <— ) 

- t^SUL ol^LaJJI 4 I -i ^— J (-.cjyj 

i u> g I < >» 1 1 i U& aT 9 

.(JjI i ntl (j'j^>- (j-a (JjI i nil 7T^>>- aL«-i^ t3^-' * 
. Ju^jjJI i LaJ i "^J <ul aja-ml aLjj^> xj2I * 



U 







(J J* <*n"tl ajl^>- CjL>-jJ < <-2iJ_J A-ujiLLil A-Lfl^aJLl «Jl>-_jJ| ^j-Se tli" (jl Jl (j-Se i"itl £—. j\j o" i nl - :7 

«.ljj>-l i>_Laj>. jj^~ '"' LoJlIcj «Li 7"j)<i i nU Ju>JI (jc pLfljj^fLi JjJaJI JaJLLa «.Jtj JtltS i La a ♦ i ia 1 1 a 

. JlJ_j-<jJI ^-La-Li u9 S'iIjU. , „l aLjj^s (jicl ~1U 

.(JjI ) ntl (jlj^>- (j-« (Jjl ( ntl T^J^>- *\-4-U3 75-J-2] "11 

.A-taLisI 4 i-r i*ii Jl <L>-L>JI Jtlc (jjr '"'tl £— j\j o" i "'j-(JJ* <"i"tl i— Sjj-lij Jaj-t-LO (_ Jslj - 1.Z 

Jlj^jjJI lLs-j UIJJ till JL>-Jj| (jjejlii (jJjLajJ (JjLo/J "4.3 

CjLJ_^=3uaj 4jjj^xl!l 4 1 1 ntl i_3^Lii>.2 4^e_uJ Jj^_uJI lLs-Li uaj CjIjl>-jJI (j-a- t"\\ JjLujJI ^ya JljJulJI dJLut 

.((jjj-Ji) O'JtH*' < a '^ Ljr " ' "L> (j-Je-^iJl • ^ 

,4j>-jJtil 4'iljU , „Vl a| JlJt" i nU (j-a- i"itl .Y 

.(jLuJI <L>-L>.j 4_i^lj_a Jjjjia (jc (j-Jr <"itl .V 

■ I. i-a- i ntl . U^- 4_i^lj_a Jjj^ia (jC ^ysr i"itl .1 

LLaJLiiaJI a ajlj^>JI CjL>-jJ (j-u ^M-»JI JjJt^tl) (j^r ifuJI .0 

.(j-Jr i"itl Lia-l|jj>. a\ J*3r~ i nU (j-a- i*iitl .~\ 

.SjIj^kJI CjL^-jJlJ 3j-^ <J^' J' oJoll 4 i-a- Mitl JjJl^cjj ^jjr uul\ .V 

■ (J-ll i ntl ^J~ i n a JlJJlJJO JjjjJa (jC (j-^* '"''' -^ 

Cjlj JjjJ (j^- ^J ualseja 2 jj • s* 'j ^1 ml i u| j <^-» Vlj Jj^' / < r 1 J^'' 3j-^' L^l ' " j ' "' ' ^J '^"' * ' "J 

4JLi uaJI 2jLa i|_ ujL^jj/Ll LJ 3j ^""'"' <— 3«-<-u (_^-tlj »JJ^>Jkl Cj^?L>Jkl 

•^o3j^') o'j^' (»l jLseiuduL (j^ciiJI -1.4.3 

(j^U LiLtjj 4 i -a- ("it I Ja_uj/j UJJ *— ^J-*- 1 La^ L -' £ - S>xLi^aJla 4-t.a^v.l I Cj|jL>-jJLt 4 Iji njJI aJJk aJl^t" i n" 

^1 tV'i it j a^I A^-. i J^jtJ /-^3J Ju^-iTJI tla-Li "j ,^^0 LaLc-i a Uj , , ^- ^ 4 i-r i"i L^ajJb Sj '♦ uaJI CjI Jl>-jJI 



U^ 







(<jj_^D o'j^il aI J, V , " r i iL Ju^xi 2Jj»»j j.-^.mi :(3) (jJj-«^ 

olj.&lj JJuJI 

;LJllII CLsljjVlj JJulII j^jj <_<->J l^i-r mi -ilj-U J^>-»^l 2Jl»-j J J £aL-b^L) 

.2 Jl>-^]L) i _^L>JI Jj^jjJI Ja-Li "j S'iIjU. , „l .Y 

.cjU oMjj (Test Manifold) jJ^UI ,U;.MI ^Lis jL^ .r 



■J-q-tJLl * JlaJI ,JjJ3 iaM_caJlj (j-aVI JlC.IjJ9 frH 1 ^" p-^ • ^ 
.2 Jl>-jJI (JjJj J I ^jLi-JI 4-»-J-t ^j-* 3 4 (T 'lit I tjjj J JlJ_j-l1JI i-I^-Li "J pjj JJl>- . Y 
7tl2] /<u AjjJljJI Uaji-Lll LI CjLaLtkt^ TeTi^l (<U Ju^jTJI Ja_Ujjj SMjU , „l ^_ , U , ..jtl <L/0ji_>JI ^J (Jj-^J -V 
4_)jJajJ| «| *l_o-JI (j-« ^j — l^-'.lt r-jL>J| JJ jLiJI ^j^o /<u-a2 <*■ Alt ^Liis Jj^xltl i La-i i "J «LJ| ala ■ ul auz-us 
.4_ijJi_J! UajLijI 1 1 CjLaL^i^sj Ju^jTiJI ' t-»j , „& a'lljU , „l ^Lu^> ^j-lr.l *] CjLlUI ^r- 2 J^-^^JLI 
tu^ aJlC i_c3e-t£ jLj^TJI <LlLj£. Jl*-) 2Jl>-jJL) J^sj^a jJ^jLuLU . t-» » . >s T 1 ^jjjLiJS jl-^>- (j"-^ 3 'j|-^ 
<LaJiiK]l j_J («L-ij (_cjyj ^j<^-» ]a <2Jl>-jJI J I «.! _o-JI (J^i>0 C-^laelLj ciUjij AjjJljJI UajLul LI CjLoL«-u3 
A tl LiaJI <UaiL) A_ (JieJLvj CjIjl>4 (jj^Ja ,j£. Ju^iTJI i-Laj-i uj «LJ| aia ■ ul ) aJLlusjj Jl*_i . u*a i La i uaJI 
4Ja2j ,^^0 Ju^jTJI LJa-i ■ ua <_ ij i h"m i u < «LJ| ala ■ u VI aLj_i^ ^-^J jJ^LuLU i La * • a 1 1 ^ul_iJ3 jl j^ ■ 

. (jr Ltl tLajj p^~~ ls> I (<U (jyitl (j-a *l_a«JI CjJjJo JuS jj^~~ '"' LiUjiJJ (Jl »^"VI 
2jL>-jJLt JjJaJlj (. lSc i ntl /— Laj> (JLc. 2ji_aJ*-jJLI <LoJiJk]I CjI aLa-uaj UajLiJl I ,| i La » i a 1 1 ^jj/LjS jL^>- Jj-a j . 

.\x-±yj£&\ 4-J aX Jl«-1 a Jl>-jJLi (Jj^j^o UajLijI I ,| i La » i a 1 1 ^jj/LjS jl^>- (_y3jj gX\) ^4!^' A ' 'J.' 
LaL«JI ' - ' I j La >, 1 1 2j^3 4jt>-lj_a i_cSe-i£ i Jj^-tltl Ja-l ■ u9 (Jjl i u ) 2 Jl>-jJI (j^e i"i /Jl <L»-L>JI OjL^= I jj .1 

.(JjI i ntL) (j-^e '"'It 

.ttr. 







Qjjj igjl i n< (_^jj|j ^j^e i*iitl Jl*j 4jJJ (J »^~ (j| i_ iJ>o (_^JlII JlJ^jjJI i-La-Li ua «LJ| ala ■ ul (jjj -}Jl>- .V 

. 4 'i-r mi 1 1 (jjj 4_La I > jjj La a ^j^a- i"itl (_>±2 4 )l aia ■ ujfl 

^U^> ^l fu ajjj^ji (Test Manifold) jJa^m Joi^aJl ^L^ jL$^ ciUUa ^l .a 

.«Ju»._aJI (Ji>-lj Jl j£>-iltl i-ta-Li uj pLajiJL) r-l a i nit JlJ^jjJI lLs-Li uj AJljJa ■ ul 
a ajajj I <>JLa> Jj j LaJ ) i-La C I ua] I JjLij jJjjLuLtl tlaJi uaJI (j-uLJS j^-4^- <4- er^^*-^ ilaJLuaJ I aLjj-s (3^£.l -^ 
4 Ise i"itl Jl (Jjj-ajJI ijj-i 2Jl>-jJIj Jjj_lLII lLs-Li ua <LJ| ala ■ ul (j-u ilaji tiajl (JjLij 4_IL>. ^_ LLaJia 

■ (4 jinLUI 
.V a j La -•- 1 1 ^_ 4-ll i n~>- /<sj (_^JlII ij.3-5^ Jl J " J *" (jr^*- ^d>^' -' "J 4-JlJ-La ' ul (jjj *— *^'j -^ * 

j I j - *- Cj La La_i^5 Jj-Lc 1 (& Cy3 ^L>r~ ' - ' "J '*-' J ' " I <* La-ca Jj-Lc ' ' < ' 1 ■ ' d0l5^ ' (_r i (J3- l * i5 3^ ' ^ L * J ■ ^ ^ 

.4jjJljJI JaJLuaJ I (j-uLJ9 
1 La » 1 a 1 1 (J-uLlS jL^->- CjLlIj jj- ifuJI ^ tils /<u (j-«J ^W^ 'Ar Cr^ Ja^LiiaJ I -ij-Lal . ^ Y 

.«Jl>-jJI <J-«JtJ s.Ij^/1 Cjl_tIre_La «_a L^jjjLSi, SjL»-jlt Laj^Ltl CjUIj-SJI Jl>.| j Sju^-jJI «.IjI t-Jslj . ^ 1 

i>.jjd,l <Jljt->r»Vl aI JlitL<jjLj (jjaJuJI —2.4.3 
(_J_iJ^ Jl f-_aJ»-jJLl jl 4_uLljJI 4^».jlll jjj^la q£. LaJ 4-Ise-cuJI tjjj 4^j_*^a Jtlc 4 Lli iijJI oJJts aJlJt" i uJ 



jJL^= 4 » ijaj (Jl CjLalj^. AjLj^Li {_ys * flJbieja aL»j>.Li ( /-J J^— » ■"■) 4^».jJlII ^j^ - '"' tl 4-J1 aia 1 ul « * 1 aJ .2Jl>-jJI 
lLs-Li uJ t j J o ^.r^=)l (_ r 1 iiLu /-^3J a allieja CjLsOjJlJ S JiJLJ 2Jl>-IjJI 4j>.jJlXI 4*iIjU , „Vl «Lu2J i <1 1 \ ^— < a dlLal^C 
La-d «Jl>-jJI LJaJLLa ^j^a (jyicl <L»-jJlLI £ysr i"itl 4JI aia ■ ul JaJLia (JajvJ tilljij ^^Lij^^a ^jLjr i u < j j*- la ^J-^ 

■{_yz- '"it I O-Sj (JJ-2-i La-a Jj^xltl Ja-u ua (JLilil 'ke.j-uj ^J\ ciUj i^^J-i 



> rr 









i 
1 


1 


;: 

1 



i*.jjJLl (j^tAJI JJljViml (7-5) J^-l mi 

<L>-jJlU ^'iIjU , ..Vl a| jL.TeTi.mlj JiJ^xJ fljjvj (J-seji :(4) ^jjjutZ 

.4j>-jjJ,l (jJtAJI S'lljU.,.1 . ^ 

.2 Jl>-^JLi j^^UkJI Jjj_lLJI Ja-u "J 2'<ljU , ,.l .Y 

.cjLJajMjj (Test Manifold) jJ^i^m ,U;.MI ^La jl^ .r 

.«JlC J^jJ-llo .0 



> t i 



JUjuIl kuijj ulJbjJI j*uj iijAy 










J-aJtJI Cjljlai. 



.JjjjlILi * JlJI ,JjJ9 ia^L^ailj (j-oVI JlC-Ij^ Jt!- 4 -^ £-£' • ^ 

aVajl£> 7tl2lj A^-jjJJ {jsr i"itl S'iIjU , „l JjLujI Ji^>-jil <LajLi»JI aLq-uaJ 4JI LiaJI <UaJL) ^j^o (_yJ.II (_peJL>- .1 

.(o-5 J^-i ui) (_yill ^ij p^— i^l (<U (^l (j-a AjjIajJIj 

' ) alLaJ, I Jj^_l1!I lL^lujJ 'L^-jjJL! ^jA i"itl d'lljU , ,,l (_lc 7c_pe^^]l ?l-Jj_lJ! aJlJt" i nl .0 

IJljIj A^-jJlII (_>^r i"itl S'iIjU , „l J^LuJ J>^>.jJU (JjLcaJI aLjj^ Ttlslj JlJ_jjj]I tLa-Lu/j «LJ| aia ■ ul < JLs I .1 

(9-5 j^-i ,.t,) ^jjJ,i iiijk^Vi aIuOj 







v_y 



x JL*^ul1 ilnjmj uljiftul 



4^-jJlII £ysr i"itl 4JI ala ■ ut ' Jj_jjj]I lLs-Li ua 2'<ljU , „l (J^u^jj ^oOj J^— » ■"■ 



HO 



JUjuIl ^luu ulJbjJI jjtuj ji>*^' ^a u SDIj JJjull Vllu j uLlwLuI t 2l£)j )J*aw 







jUJU 




a » U S", ^ g j j , ^. < A^-jjJj {_yz- i*iitl S'iIjU. , „M t (_£jl*JI A^aJtiKJI aUu Jjlclj Tela! .V 

djw JjLJL! ^U,„tlj jjUkJI J] jLkJI aj><i!l .Um.j ^~Ai> ^U,„lt dHjj(Intermittently) 

e.i^3».jJtl lLsjI tiaJI »*'^>^ j »1 Lajj (.L-po (j-sr coJI 4-J a-g <J^L>- /-^sljj ■ u^l ill 4J| jla ■ ■■ * I tjjj^ 3 ' " .' ' a ' -^ 
(^yicl £_ J^vjJll <L>.jjJU £yx-uj}\ SMjU. , „l iUii>, (jj/LuLa 2*1^2 x_s ) _ / ^ : — xi ■ u^ jJI (jjiaJI (jylc 




lLsjJi uaj\ 2*1^9 (gjl tt""t (J7 ^3l ; lLjj^LjJI SMjU. , „Vl <jj_aia i La ■ i a ^lUOj J^~* *-" 



HI 



JUjuIl kuijj ulJbjJI j*uj iijAy 










4-Jlj.La m VI (j-U jja- Mill ^ J ua^l /<u d)l *1 a uaJI £sL^= J^lc-I AJalLaJJ 4 'it ifuJI Jl (Jjo^jJI Jtlc . ^ ^ 

. Jj_j-l1II Lkj_U_Uj 2'lljU , „lj 4_»-jjJJ 
2jL>^aJI £ysr i"il (Jill 2j_(fcL>. 4_»-jJlU (j-a- '"' '' ^ 1 1 aia-i 



(J-fljj/l .ia^-jJU <LaJii>JI aLj-i^s £_ jJajLuLU i La * < a ! I <J-"L»^ jW^ 4r "° ' "J^ <LaJLi»JI ^ J-i-^J . ^ Y 
sJls-jJL) y\-L£>$A UajLul U LLaJLuaJI (jj/l_iJ9 jl^>- jj^""' ' jl ( _p3_jj-iilj .<L>-jJlII (j-a- i"itl «LJ| aia ■ ul 

. (j-J^^'Jt «LiLaX. JlX-1 
LaJtiKJI aL^s Ttlalj UajLiJl 1 1 . U» . V-tl ^jj/LjJs jl j >, < dtl ,^."1 4 US< ^j_a , U , „j\\ XjiJ^l\ (_J ,_)iBJL>. . ^ V 

.(_JJI (j^a *^* 3 J-'' 9 *L^' •*>*" "^"J^' Cy*" '"' " ^'''j^" i "I (J-d-uJ .ia^aJtl 
J! (_^>-4J J£>-lLJI i-ta^ "j tiJ_p'j jJjjLulJU JaJi liaJI (J-uLjS jW^ 4r (jr^^*-^ LLajLuaJ I aU^: 7=^1 -^ £ 
J^ i uf J_a^-_ail 4_aJu>JI sXjiJus (J^L>- (j-* ^L>r~' ' J ' "3 0^£> J - U (jr^- *J _ " *T "^dj «Jl>-^J| 

,<L>-jjJj ( j^r '"'h <j| aia i u| 
<L>-jjJj (jar i"itl S'iIjU , „T ( J^ JdU | _}o^>.jJll 4_«Jii>JI aLjj^s (J-^-l 4 <j I U 1 1 a'i-t i~t\\ ^J\ (Jjj-ajJI Jtlc .^0 

.(j-3e '"ill ^jLJ (J i^aaij 

p b»~ ' * j (_^jui J^~* '"'* (J-«-*3 Lgj Li j t mi" (_y^>- 2 Jl>-jJI (JJuIi . W 
t(j-se i"itl <-J »£ ^LjjI dil )J«-*-\l 1 1 ^j>.» « eJLLii Ci i ~~'^J tCnJ J^ (j- 56 ""' ^^^ o^ O^' 



0Jl4i ((JjLcoJI Jj_jjjJI LLa-Li "J j -» ■" A^e_uJ CjLcl^flJLl 4j>-jjtil ^j^ - '"'!' <JI jia i ul ^L<jj Ji^ ^j^e i"itl (JM-^- 
aJJb 4jljl M^3 ' .SJl>-^jI Jl I j Ise ui «_i (_jjJI ^ j^^— < IT a -»-j-»- LaJI S«.I^5JI )»_L4_l (jl > j^~' ' ' Sj) " ' I 

.(jljj « ua-d 4j>-jJlII (j^e i"itl <j| aia ■ u) (_JLs Jjjj^a £y£. d)Lg I aAll 
«_Lg-i Lj-a 2jL>-_aJlj A^-jJlII (j^r i"itl 4JI aia ■ uf (j 11 - 1 i-LaJLiiaJI (JjLtli (jl ^j^— » i ) (j^r i"itl (J^L>- LiUjL^=j 
LLaJLca 3j-^ ^J- 1 '- a - 4 ^ *J j^~*^' (jlir ui ll (J-ii i""n 4 l^-» igJll oJliJi (Jj*. ^j^— » i ' . Jj_jjjJI lLs-Li ua (jlj^u 
(jLa- i ntl (JjJLifuJ Jtlc SMjU. , „VI j^oia LJa^jLa ajLcl c-aj .«Jl>-jJI Jl JlJ^jjJI lIs-Li uj (JLajjV i_sL^= 
jJijI'La.jJtil ( jar i*iit I S'iIjU. , ,.l (JLcl Ji_aJ*-jJll i La » i ia 1 1 (j-uljria °?-'J-£ l^" 3 ^ l >t'- L:vJ >_/ *J j' : ~~' 

-UV. 



JUjuIl kuijj ulJbjJI j*uj iijAy 














(_jLij^^=JI tjLJr i ntl (JjJLiuJ Juu i Laa » i ia 1 1 2*1^2 JjjLLaj (^1 lOJ J^""* '"' 



.jjLuJI <L>-L>.j Sjjsl^s (JJ^is (]>C (jj»jaJI -3.4.3 

( JlJ^jjJI «Ju»-J <_^>-l-S 4 (Tr Mill ^j" i n a JjjL^tl! 4 1^ i ntlj 1 D.C £3j)jjlJU <J)j_LaJI j"'^-— I (j-« 4 Iji njj| <>ju4> 
4Juj_ujJ JlJ^-lLII ila-i i "j jj jiA. j]fj a Jl>-jJJ (JjI i ntl . U^- (_yLl Lajl J QJ^~~ '" Ly^'j uW -1 ^' ^- > "'- > "j '*- l ^'j- a JLJutii 

j^^li 4JL»- £- W ' ** " J .' ' ^ a iistAJI (j! (^yic <_iUj J jj LoLjj i_aLLi <JjL-u J^-— ■* £- oW^' ^"WO J^-^ 

4 i^M'l 4 i-r Mill (jl_3 CjLlLd^ 

(jLuJI 4j*-L>-j 4_L2l^_a Jjj^la ^j^. JlJ^-iJ 2 Jl>-j ^ysr i"i : (3) (jjj_a-l 



> tA 







oljjVtj JJulII 
- : LJllJI CjIjji^/Ij jjmJI j^jj ll>j l^-r ui -ilj-U J^>-<^l 2 Jl>-j (J! iaLis^Li 

.a Jl>-^JLi ^sL>JI Jj^xl!! lIo-Li -j «LJI aia ■ ul . \ 

.cjU oMjj (Test Manifold) jJ^iUI .U;.MI ^Lis jL^ .y 

(J^jlJI diljlaS. 

■J-q-tJLl *JlJI <Jjj9 4-a^l intlj (j-oVI J^.lj-2 fJ-**- £-^' -^ 

' a-u^3LJj| ajljj>- 4^»-jJ (JIus ^^1^1 ' -""' II (Jj-* '"i"tl i_3j)jJa ^_ (J-a-t3 «Jl>-jJI (jl (j^a Jl^=Lj .Y 

.((jjj-I') 0'3t^' <*' J^cj-i-uL) £ysr i"itl aJL^Is (j-« ' J ^ J 0"3 (j-« i " ' I j La «- 1 1 JlCI .X 

£ Jj^-uJI i-La-Li "j (juj_m s-Lul CjLcLia j j g-k> Jtl£.j (jLuJI <L>-L>.j (J^ii>- Jj_j-uJI <-La-L< ua (JUj_uj i_ Jslj .1 

(^yic j£>-illl i-ta-Li -j j j LaJ (jl Jl l ^jj>-1j 4jlSJ (J^= lT4> J LalJlj CjLtSJ J^— > ui (jr-1^. 4 i -a- ifgJI J -i^-—' 

■ 4-La-u.itl Jl "^-.l ^c aJ^ji LiUj (jtfl CjLcLa^ oj^J >_al a mi J^— ■ ui 

JaJLuaJ I a La-i^s Jj-Lc 1 (*-* (lh*_J ^ty~ ' ' - ' "_? '*-' 1 1 I j* L«3j^5 Jj-Lc 1 ' ** 'J I ** '"** '"' * I J J u^ 1 ^ 5 ^ I ^ L *-> • ^ 

.AjjJljJI LLaJLiaJI (j-uLfS jW^ 4r (J ^ * * ' ^ 

,U» ,^tl (JjjLjS jLg-»- CjLlIj (j^r uiJ\ (—! <-lLs /<u (j-«j CjLlLII £_ <_jJ-JI ' La j LuaJ I -ij-Lal ."V 

•<— i^ i n'ltl (jc I a cu^al .V 

.a Jl*._oJI (JjJJ«J «.l jVI Cjl-Lbe-Lo !«_a L^jjjLai a Jl>-jJJ Laj^LII CjUIjJIII Jl>-I j a Jl>-jJI «.l jl i-j-^lj -A 

'"'I t^-^\l a 

A Ise i"itl (jj*^-* (<^-J O'tH^' ^- >- '- > 'j 4r ^d>^' ' - ' "J Uy> JdU *'-'^l OtP*"' iJ^* ' 4r ^LtLS^ JJ j'"** " 
Lj-a I aA>JLl ^_ j_jjj>- ^1 J i n \\ (JILa (Jjl i nil . u^ ^_ ^j|^c Ji_o^>-j (Jl ciUj ^_ >. i 1 1 nil p-^-js ' < la J ' ' -" " 
.jj3 VI ' 1 1 LaJ I jl oj-l£. j ' aAjJLl ^j^»-»-3l .jLjo Jl (JjLi-u (j^a *j^>- (J_a^>oj i La » i ia 1 1 ^_ (_psl fl^JI i- i ( i u l 



U^ 







Jiig. (J-q-tJ «Jl>-^J| (J-*^>- (— QiJ ' A J -1 J -1 LaHJ I (j>J <J™' ' *~ ^~*"' ^jlj-*- 4^-j.S J if «Jl>-jJ| (j-a- i"i Jtlc 
J I flU ^— i \ ' i^ya f-j>~ (_yic (j^3j L^=jJ I (j-o 4jlLi3 *-^_J i3ij^ O^ A - * - * ' ~"~ ' "jp^—~" ajl^j>- 4_»-j.} 

.(jLuJI 4_»-L>.j (J^L>- Jj^-lLJI JaJ i "J (JUj-uj l_ <J9lj 



i-i.t, i iitl lLx>. iaSl^a (JjJ-^ (j^ 1 (jscjiJI "4.4.3 

i gjuzj • La g I j i >■ 1 1 lIUJl^sj 4 1 a 2 1 , 1 i-Lag |j uaJI L^fS J o t"i i u U »j ; ♦ i a ! I CjI Ju^-jU VI 4 Iji njJI <jjui> tJL^ij V 
jJLc (J-Q-t3 JJuilII CjLoL«-U3 f-iQ^- (j2 <_lUj . AJj t ("it I A-l^jJ^I Lg-LS JJljjjJI 4 I J i nj jj^~~ '"' (jl (_y-^-J <UASJL I 
(jJ I JJj jl iftuj x\ 4-J a-g s-Lut j riTi i n CjzL>JI <>Jl4> (J^aa j^i - -'" CjL>-jJij Jj^xlII lLs-li ua aJL>.j JaaJLLa 

.AJLj-laJI lIUj IL. J-Q-tJ 

j-^sLijiJI *'^«J' i— d-u^=i3 CjI Jl>-j ^_ i_3j)j_*JU (j-«J .j_Je_JU (j>J (Jj^kJI aJIjI 4_iJ q g ^_ 4j3jj_LaJI lLUj (j a -»■ Lija 
L<j-a 4jj3^?Li i a-L^adl <L».j Ju-u (_JI dUj (_£j| jJ*-J,I (^ylg. J_jj»-ji,l *I^«JI 7c_iij_a j^ylg. i_tjlj jj| 0_«-^=lj3 I jl 
SJLaL^a i_a_i^=J,l iistJu <-.M^— Ijl Ijuk tilaAl uaJI u-SjJ9 <_JJ 0->l Jiialj jJ*-J,l ( _ ;r ic *_uL^i]| jj^— " ^Jl ^JJj 
sjIj^kJI (j_« ■ J - ;-i^~~' (Jju>o ^jJ Jj_j-uJI Ja-Li "j (jl (_^l ( (j4^>- (jjJ^-i J-' 3 -*- 1 ' ^'^^~' o' -1 ^L>^l l£1jj (_yig- j^JJ 
<_)^ (jll i>jl jJLalj « ^^ uaJI jj^~~ '" (- i i ( ii < Lj-a «.iia_u ajlj^>JI tlllj ( i ■ ■■"^— ) tilljjj jLc. (Jl «Uj^>iJ (_yic (J-q-t3 



<-i,^-, i nil lLx». <U^|j^a (_3J^ia (jg. i-ly^-p «Ju>.J (j^uto :(0) (jjj»«j 

oljj^Mj jjuJI 

iLJLlII CjIjJ^/Ij JJulII j-Sj3 i— <j>o I j'— ui -Slj-U ij^aixuJI *'%J' ' :, ^^^~-" »^>-J (JJ A^L-isVLi 

.a Jl>-jJLi (_^L>JI Ju^jTJI Oa-Luj d'lljU , „l . ) 

.alii oMjj (Test Manifold) jJ^LuUI .U;.^tl ^LS jL^ .y 

■<—jj i n'ltl (jg. i a-fatt^aJI jl-4^- -V 
.3 Jig. (jjjjijj^s .1 

_ >r. _ 







J-«-*-I1 oljia^ 

.JjjjlJL) sJlaJI <JjJ9 «La}L-a]lj (j-aVI J^-lj^ ?-ri-*^ £f^ -^ 
(^ 1 CSt jJ^jLuLU CjLaLa_i^5 7eTi^! (<U Jjj-lL!I Ja-i i "J <j| aia i ul ^_ Ja i uaJI <La_L>JI <_! J-i-^J -Y 
rjL>JI ^J jU-II £y» jUi^ d-all }LJJ9 J>J>j1II i ta-j ■ -J 4Jl_aLu_ul *La-i^ tcj^I *u 4JjJi_JI Manifold) 
CjLaLa-u3_a Jj^jjJI Ja-u "j S'iIjU , „l iLj_ci5 Jjlcl /<u CjLJLII ^_ ejaa^ajtl AjjIojJI jl *'_^(J' (j-a ^j — l^-'.lt 

.SjjJuJI jJajLullI 
CjLaLa-4^3 ?u^ aJiX. i_LSe-t£ i-j^jil'JI 'UlLjX. Jl*j oJl^jJL) J^sj^a UajLul LI . U« <><II ^j_ul_jJ3 jL$_>. '^^~ < ' JJ -V 
■ k>*a ' La 1 uaj| <LaJiiK]l /_! 1*. At t— Q.J ^j^— da <2Jl>-jJI Jl *'_a«J' (J^io (_<-LreTiJ ciUjij AjjJljJI jJjjLuLLI 
1 La » 1 ia II jjjjLiJS j I j^ ■ 4JI i<aj| 4 La A< £__ ( J3 e JL> t j CjI Jl>-I Jjjj^a ^C JujjTiJI <-La-L< ua «LJ| ala ■ ul ) 4-Lllojj Jl*j 
JjJa Jl9 (jj*^-*" lLUJljj (Jl »^"xl <Ua.£j jj^a Jj_j_l1II Lia-i ■ ua <_ ij 1 h"m 1 u t «LJ| aia ■ u » I aLj-us T^-^J H^^H' 

«Jl>-j1I ij LaJI a i_ *-Jr 1 uJI fyLaJ> lt^- Sja^aJLI <LaJiiK]l * La-uaJ UajLijI 1 1 , U« , V-tl ^jj/LjJs jL#-»- (J-^J ■ £■ 

.(/•-Jj-^il' <ulaX. Juu 2 Jl>-jJLi Jj-is^a jJjjLuLII 1 La * 1 ia 1 1 (jj/l_iJ9 jl^>- Q^ 3 ^ all ) <— J^-l' * ' J.' 
sLLaJLa j_iC *ljj>.i i_dl_ak (jj^~* ' ^ <>t.-L>.J j_Je_iJU (j_a Jjj^kJI <Ulj2 j-iejjj iLal (jjjjL^a 4 itia£ /'-'-^ -° 

.L^al_3_iJ A_uL^=ual udLub (jL^= ' J] j-JejJLI <L>-jj_a lJlSjI .j^e_iil CjLiLa /yic s-'j-A jJ)j-<jj tt a 1 n" 
S'iIjU. , „l ^Laj^s TtTi^l («j ^jJoJI jJjjLuLLI 1 LaJi iJaJI ^uLi^ j^->- 4r (J ^ ^ "" * * LLaJLJaJI aLi^o 7u3| .1 

,2Jl>-jJI jji^lj J! Jli^jTJI Ja-i 1 "J pL^AJl i> 1 n" 1 u _L)^lJI ila-i 1 ua 
«LJI aia 1 ul a 2 Jl>-jJI jj' 1 -' ' La » 1 ia II (_gjl 1 uj (_£l 2 Jl>-jJI (Ji>-l J Jl Jj_j-<jJI ^-La-Li ua (3^J3 lJlSjjj (j\ ^J\ j LaHil .V 

. Jj_j-uJl it-u-uj 

. Ju^jTJI uLa-Luj «LJ| aJa ■ ul aLjj^3 i3-^-' -^ 

.(J.a-^3 SJl>-jJI ijJ_plj ilax.1 uaJI (Ji-ili/ . *» 

.<- itt ( n ll 1 Iaj> jLa^ejja sjjuzj >jj^~" '"' '^^N"'" ■ ^ * 

.(. i-a- i ntl LJaa. (_yic » ^^ LaJI JlI<j-1 (jl (— cJvj Julj (_^l ^Jl JJl>- .^ ^ 

4 » * 1 a U A^aj Mill d)l A '-^Ij a )«_a I Job (jjLS . \ Y 

Ja-Luj <j| ala ■ ul aLaj^> TtTi^l t 4-jeTu.U 4^aj ifuJI '**" flxal a a i ^£. IjLjJU <- i-a- 1 ntl Jaj. _L<u>o (j>-^= lil .^Y 

4 J a LLaJL I SU^;tl ^JJ J,^." j| ^Jj Lpojjj 4i-Vuitl Jijj JJ^jUI 

_ > r > _ 



JUjuIl ^luu ulJbjJI jjtuj iijAy ^a u SDIj JJjull Vllu j uLlwLuI t 2l£)j )J4M 






-Sj-Ial i 4^3^ (foil d)l a Lai a a i_<-caa. i La e I LaJ I /J I LjJj-2 « j* LtaJI (ja^stja i_ tja- 1 uJI daa. Jlaj>o tjL^= I Jj . ^ 1 

4jaltaJll iLaJLLtl Jl J"->" j! Jl 4_LstAJI <j-o ^-l^-— 
.. Jj_j-uJ| Ja-u ua 4 )l aia-i ul a i la a LuaJ I ^jj/LlS j' J**- Al-a-La Jj-Lc-I ' A '^J t-ua\ I 4 Ise <"ill J I (J^aa^aJI Jtl£. . ) 

.LoJl>- iJLaj dJL^s I jl AL5fcl!L) <£ ji Lajii>jl >L«j-a (jic.1 . ^"V 
. Jj^-uJI lLi_u ua 2\\jt> , „\j i u » , V- 1 1 ^jj/LlS jl^>- <-lLs (<u J . u» i^»tl ^j_a Cj^LuajJI pj-M • ^ V 

.a Jl»-jJI «.l J I i-j-^lj J UJJ i n'ltl (j£. ' fl-iu^al . ^ A 
..laJLcaJlj ajlj^>j| ir>.jj <j^J AJsMjlII JljJl^cjj ( jj^-luJI "5.4.3 

tj^yJLlII «Lclj_a i_aj 4 I j i njJI ijjufe (Jl ot"i i nl JlIc 

+ 136 VPa ^-^ ,U;,^tl (j^LuLa 4« n ■ 

±0.5 C ( _ ; ^l>- ajlj^sjl i>.jj ^LuLa 4J9.} ■ 

7-1 a i ntl ^j^— » i ' ^j^— da i La » i a 1 1 (JjjLlS <LLaiL) j Sjlj^>JI 4_»-j.} ^j^LlS 4JaJL) (j"*-> LLaJLLa Jjj-^ AJ^*J i*^" " 

'■ ^-) I 1^~~* LLaJLca Jjj-aj 



0.07 kPa 



JjiaJI ilaj. 



I 0.2 — > 0.341 kPa 



(Jjl i ntl Llaj. 



I 0.136 -> 0.272 kPa 



jLii^ail 



ilaJLJaJlj isjlj^>j| 4j>-jJ (j'V 4j9^LslII JljJl^cIu Jy^-iJ SJlvj (j^e-<!u :( 7) £)Jj_aj 

oljjVlj JJulII 

;4_l!LiII CjIjj^Ij Jjudl j^jj <_<->j l<ji-r u< jlj-U J^>-»^' «Jl>-j J I £al_i-a^L) 



> rr 







.2 Jl>-jJLi ^3L>JI Ju^jTJI Ja-i i "j «LJI aia ■ ul . \ 

.cjLJ oMjj (Test Manifold) jJoi^Ul .Ui.MI ^Lls jL^*. -Y 

■ J.<V*]L) *JlaJI <Jjj9 4-aM intlj jj-a^fl J^-'j^ *_t^j>- *_Jjl . ^ 

.a JljL>- 4 jljt ~<~\ i—Sjj-la ^_ (J-q-tJ «Jl>-jJI (j| (j-« Jl^=G .Y 

• ((jjj-Jl) (j'jtr^' < a '^ r " ' ">-> (j-Jr '"'" ^i/* 3 O - " * J ^ J 0"J (]_>-« i " ' I j La -•- 1 1 JlCI .V 

LLaJLJaJl (Jj/LlS jL^>- »*'^>^ j 2u ■ •■"' (_;^>- (J-g-tJ 2 Jl>-jJI t-i!_pJ • £• 

2jIjj>- 4_»-j-S Ja ■ *" i ul a JjJaJI JaJLLa ^j n^j (, J ■ ^"^—■^ Juu) (Jjl i uJl Jaj. ajljj>- 4_»-j.i ^j il3 .0 

. (t s ) <u sjiiUi ^,,v,ti 

<LaLis? (_cj&-^ Sl<i"^-ia j-u2 4-be.iiJI J\ /^Lc. Jjj IJl^ t s < t c^JL4= lJ>La (t s )j (t) t>u jjjLa .1 

Cr^v^sJ J vv O'V UJ^J u£>^'j 4jl3J (J^= lT^ 1 J lalblj CjLtSJ (J^=t.£u (jr Lc . Jl£>_<j iV-h i nj i—kiisl .V 

. Ul9l ul"j 

. 1 j l» ■ i >> ^_j jjs 4 i-r ("it I ,jj^~~ '**' 

.3 Jl>-jJI (JjW«J «.!.} 2I dl Li-Lie-La *_a L^jJjLai 2 Jl^-jJLI <Laj}Ltl CjUIj-SJI Jl>-I j a Ju»-jJI s-l.il i-j-^lj • \ * 

(j-*-LttJl Llaj|jL>. a\ Jljt" i nU jj-*-"J' "0.4.3 

(rle&t AjjIj^kJI Cj Lsejja-»i! J i— 3_ajjL>s j-lC 4 Lse t"itl (jjj ^j^—* ' Lajtlc 4_1_llujJI oJlA aJlJt" i n" 
LjTllluI lu3-J 4-tre-LaJI 4^J jjjLII LiUjj »I"lm 4!LajlIlj LflJJ-a J ^>^ (J^-*^ (jr^l ^^dhP^' CjIJl>-J ^IPlllTipS) 



>rr 







t j-a~ i"iil lL3Jijl>- a I jLa-*i i nil ' *j J *""*"' / JU^-p a Jl>-j t j^r <"i : (A) £)Jj_aj 

■ J-q-tJLl *JlaJI (Jj! 4_a}L-a]lj (j-aVI J^-lj^ J-f 4 -^ £-£' -^ 

.(j-3r U.11I 4_LaJjj>- ^_ ja^ajuLl ■=* 1 aJt ' j_4> I '* ^-^ II j-L>Jl-l *'^(J' Jj^^J (J^*- 4 Ol (j- 8 Jl^=G .V 
Aj^JlI! £-t^J cr^-J La-LLg> (jL^ 3 l^i (COOimg) Jj^jIII *-«isj j^l^. Sju».jl! jLll^I r-hiia x_iis .1 

jl^= ijj(Heating) 







jjLal 4 1 j 1 nj (t-L^- (J ' ^AJI tjj-l «Jl>-jjI (_)ji£. (jl-a_«JaJ JlJ_j_uJI iLa-u "_J (j-a 4_La^a_) «Jl>-jJI (2> Jr '"' 

.(Low Pressure SwitchX^^Lk^l ,u;.mi 

4Jj.*.l"uJI Sjjjjzl gJ.a.dmJ (_pJI dlljLS-jJ! 



C^db^) *— 0J^=^*iI (Ji>-ljJI *I_^JI 'j'j- 3 * - ^J-J- 5 <J J *-'- u J (J-"^ (*-* JjjLS-} ij ut£ SjJ, (J-«ia3 2Ju»-jJI tiJj3l .1 
Jtlcj jjj^jlJI <LLajjj>- (JJ _be_La (jyic 1 Q(jVirii nj (t w b) jjJe- i - q - U (JiUjJI s-l^^ll <LlajJI SjIj^kJI 4j>-jJij 
litiii ' La * ' a j^^~ ' liL3 1 . u<- 1 i>.n i.,thi . La » 1 ia ) 4JjLJ9j i. i-a- 1 aJI JaJLLa JJl>- x-LaLiijJI <Ua2j 
(jji^autJIj J>£>p L * a rH "J ' ajiia La 4 i^l'i 4 i -a- ifqJI (j| (jyic (J^4^ 4_Laj^>JI '£— jJt, L*C (JJ9| lLs C 1 tiaJ I 

JJlaUI j>Uxa (J a *~ 1 n1 (_P-5I dilJL>-jJ! 

V-db) 4JL>-ljJI 1 aH^aJLI s-'j-A 3jIjj>- 4_»-j.} (Jjje-ujJ (j h^ /<u JjjLa.} 2 j ioi£ lj\ (J-a-*3 «Jl>-jJI i_LJj3 1 .V 
(«3 <.<•*- mil ilaJLLa ljJ9lj (5) fl j La as SI 'A- I -1^-— (t w b) jJc_ujJLl ,Ji«.l jJI ; I J j U ijlajJI ajlj^>JI 4j>-jJij 
<Ua2j (j-«J v dbj ?-* <L«_l5JI <>Jl4i xJaL23 Jl>-jIj LLaJLuaJ I IJl4i ^Jl>-j ^j^e i"itl 4_LaJjj>- Jl ^>-j' 
jj^xi LJa-i 1 "j (_d-La| (JSl ajL>-jiI Jj-LaJI LLaJLis (jL^= IJL^ < J^IaJI LLaJLca JJl>- !«_LaLajJI 

(j tt^ajJl ' (j tt^ajJI a 

. 4.3-1 1 i nil d)| ajaj^jl jL*j j I al^a a j^clXIj lj^e_La 1 ^".^-. 1 1 ^jj^-.^. .. <u^_L'Jt <UL>. A_ A 

_ \rt _ 



JUjuIl ^luu ulJbjJI jjtuj iijAy ^a u SDIj JJjull Vllu j uLlwLuI t 2l£)j )J*aw 







ajlj^>Jl CjLvjJj 3j-^ lj^ J' S^l^il 4 (■> Mitl JbJjejJ jj^tAJI - V .4.3 

CLil^sj Mill (JjJS ^y: aJlJt" i uJ i_JL*J! ^_J 4_JL*J! Cll t i nil dlli i>Ltil CjI Ji^JjO (j^f uu 4 Iji njJI <>Juk aJlJt") n"< 

.4_JliU,| 4 Wu.itl ( _ ;r JLl Jji^»-»-lt 4 ♦ * I a 1 , 1 

cjUjJlj 3j_a Jil jl 4_aiiii ii3B_<i]l jljjl^l (Water Chiller) *m jl^u sj^j (>a^. :C\) o±h^ 

(J^-s-JI diljlai. 

■J.<V*]L) *JlaJI <Jjj9 aLa^l hi tlj (j-oVI J^-lj^S fcj-*^ ?-pl -^ 
aJlC (jL«jiiJ ((_pl i ntu ( j^f '"'It 4_aLsJI ' - ' I j La -•- 1 1 *^>-ljJ «Jl>-jJI ^_ Jj^xlII lLi_u ua ^j^a 4_ui^= Z'- 1 ^ 5 -^ 

. (Low Pressure Control Switc^^AiitHl tki^Jl ^Ut ^V"j <^ \<j\>r,> 

4j>-jJ (j ii^ j 4 Lse i"itl 4_ui^= (llljj l£>*"'_9 "*-*^J (J^ 3 LJ 1 - 1 j Lali ' la CjulSJ J^— » ■"■ (JLc S Jl>-jJI ^j-a- i"il .V 

.^jUJI Jj_iil *UI Sjl>v A^jJ, j^itjUl 2jl>=- 
.(At) rjL>JI lj-d,\ *Lll Sjlj-»- <L>-j ^ j j.cje.uj I ajlj->- ^>-J-i 3j-^' '-. ' ' ""*"' ■ <i 

(12-5) J^=uUI 4- U^= 6^*-" 4 -*^- i J^=^ iaLiall 4la- At I 4.1^^3 j (At) (>j £a}L*Jl fu-ujl .0 

(jjtiSJI ' flJajf (-dlj Ju£. SjiLjjJI 4- (At)?JuJ ^,1*. 

.ejLvaJI *bl <_cSlj A 



At 

°c 



AjJlill 4 \-r 1I1H 

kg iUa^SJI 

&l .Ml 4-La-u.itl 4_l«^= J (At) (>U 4^>L«JI (12-5) J^=uSi 



^fe 



JUjuIl kuijj ulJbjJI j*uj iijAy 










(JjLtuJi t_gj)" i ii a JljJl>iJ JjjjJa jj£. (j^ejjJl "0.4.3 



Lai 4_Llg, Jt^aJ (J-lLuj (jl^>iJ (_uv*J (_jJ-JI ** '-" ' "j" V I _J ^) ' ' ^~~* ' I CjljL>._aJl ^ysr i"i 4 Ij i n^aJI ojufc a Jl^-"i i ii"< 



.(JjI i ntl i£j" i ii a jLll>- z 



(JjLtJI !_gj)" i ii a JijJlso JjjjJa ^£. JiJ)-fJ is Jus. J (j-a- <"i :( ) * ) (jJj-aJ 

(J-aj«JI CjIjU^ 



.J.a-tJLi *JlaJI <JjJ9 4-a^L-Jlj (j-a^l ^'j^ J-^*^ ?^*l -^ 

.(JjI i iitu (j-se '"ilt <Lal_*JI ( " ' I j La -•- 1 1 i>_La^>- f-Jjl -Y 

'j I La 1 1 ^£j~ ' "U J! (j-Se '"ill ^r^ a" i "Ij (JjL-uJI (jlju>- 4r (-P' ' "" i£j" i u a <_*^slj .V 



\r\ 







j^L^i! 



1- Puzio, H. and Johnson J. " Practical Heating, Ventilation, Air Conditioning, 
and Refrigeration. ITP 1996. 

2- Andrew, D. Althouse, et al. "Modern Refrigeration and Air Conditioning" 
Goodheart- Wilcox. 



^rv 




*i*3* 



ujj^I S ^l,tl 



.^ irT>p II 1 1 1) n i llf] -c^ i n II p 1 1 n i M fin In II niiiiiiq p II 



auSUIj JLljuil uUwU! ( A£jj )J*jw 



C-J ><-(jTJ I ' ^' <"<"^— »' 







.(ajLIjS.) oLJ oMj j-a (Test Manifold) jJ^LuUI .U;.mi ^LS jL^ 

■ 4.3-1 1 i nil 4 J 1 nljjJI Cjl Jl>-^JI ?-£&>■ jLlIL>.| 



)?A 







l_k_u^aLlIl J Jl-J_>_lLJI CjI Jlj>-j (JLLacI ^j_a »j u ^— > 4 i ml JJI-dJ lP - ^ (J^=l All ^j_a j.lThj L-ij mill (jl_3 lIUJlJ 

Jjial—La jl Cj}*l_La_aJl ^_ ioLc < i^ in" 1 1 CjJl^so .2 JlJ^oJI £—. 4 a j i n~>- ^J Ua£ I Cll i i i u a {jjz ,jj^~~ » ' (jl ^j^"""* a >_9 

Jij_a_tJI p^~~ »l > (j-« J I CjljljJLfczl i. i i i n \ lLsj La.>JI '^|j i ■■^— j| w_iifljJl_i Cj^Lj-ajJI (Jial—La jl aLscIIi 

.i^jiai i^lj^Jl 2_(Shaft Seal) 

. Ju^jTJ I Ja_i i uaj I j *-».". « $. _L J I 

y>n21ld3tfj- Y t ^ 

.4 i-a- i"itl A_ (_^aJLl 

. JjJaJlj (. ise i ntl i La » i a (_psl a_>«j| 

Jjj-lL!I "if I a^a ^_ ^psLiisol 

. Lj-l^jO 2 !.£==> Ju^jjJI < t-.'\l , „j ^iajLjJ 2 jLL) 7t-jljJ CjLjljjI 

.<LJLc j^^— »j" 4 1 1 n 1 1 Lao^j-j aJL>- A_ I Jlx>- (jL^sJJ 4 'j ^"' (_oijj L^Jal '"< " i "I jJl>-L£ i \js\-lu ju^jjJI JajLu/j 

iLaju^aJLj i— ij Mi'll (j£. ( ?i mi^-iJI 
/j-a Lc.^jLa I j La »j^>- jl 4_LaL^= a Jlj>-jJI jj ^-i" LaJi_Lii L-ij i n"tl ^j_£. i a iftt^adj 4^jj_LaJI ^Juti aJlJt" i uJ 

i_J_^aj Jl (_g >) J U ^— > (—1^ ) n" (.11 ) nl jl 2j_a (Jj V (Jjt ("l"ltl 4_ll JlJ (.11 -ill jl ?-^Ll-i5^(l (. ( [ ) n \ JlJ^JjJ I lLlJ I "J 

^j ^— » ' (_^j_Ilj (J-Ljla JaJI La ^Jl a Jlj>-jJI lLiJ '^ ^j_a JlJ^LS Cj zL>JI ^JljJi ■ ^ a . Jt^xlII ila-i ■ ua ^j_a SJljs-jJI 
JaJI La ^j-* (J-^'j ' '" j'^~ '"' *J'J— ** *- 3k J-^ < >-~i :> ' (j-^ 'l T L>-LLa (_3jjJa s-j^ul 4r (JJ* u."nl LlaJLLa ^j^a (Jjiaj j '^-— I 

it-.; <mi iiJL^l ^j ,>9j 2 jl^oJI Lki^LaJ ciiUJl (jr^-j^LiJl jLc ^^1^ 2jLcj .Test Pressure jLlI^^i 

_ ^r^ _ 







j—lc clLJj (Jj i La » i ia 1 1 O-U I JL2 (jj^ajJI x_a i La » i ia 1 1 (j-uljrt a °?-\j^ (JjT ' ""j ic-L"i ^ Jl — (jt-iLa 4J-<-aj ^IlAl 

(JjLj/J ^Jl>-I (Jl gt" i ill (_l>-j tillj Jtlcj <_i^ i ill -S^^-J Cr^" L ^"-* (J-^ ''" .J"*^' I Jl La! < <— )> i »" -i_^>-J f*^ 1 

.( i-~\ «.j^>JI j_ksjl) i—ij i n"itl j^j£. i '» ,"..£-^\\ 



kj^jJulVi I— ■ Ij i nil) (jX. I ?i mi ^-01 
ij^al'J! lL!1 Miajj x_jj_iiLJI 4 he ■ ^ a c-cse mi JaJI La mj-^*- ' JL»»aj| i-j^l'JLi <_ <j^ mm! I ^jx. i ^.^.^-.tl ^j^— ■ <; « 

jQLI 4_2jj_LaJI aJ^Jt aJlJt" i nl J (—1^ i n" Jt^-J-l ^( ^j^aJj SJl>-jJL) 4_l^Lij -i^^-J (jr^ 1 L ^- i .J \ j £" . ■<! (*-* ^W^ 2 

LLaJLuaJI <\J1)^_L> Juu <_i^ i n"tl -^>-J a-Xc ^a 



^ t 













Halide Test Lamp jlJL^JI ia,- 1.2 

(jj Lai I a jj 1^— < II (Jia) 4_u^jjL^=jj Ji_uk -i'j-a lt-^- l£j- l> '- 1 Lr^ ^d>^' L * a ^'-'- u J ^° 4 ' Q "' i-^LLl (J o au i n"< 
•- I i<aJ I JJ ij-usilx}\ lLUj ( _ r -ic- (_gaJL>«j 4 I q t" i u U Jj^_lLJI J^jLuJ L-JLc] (jlj . Cj LLp* jJ LJ I I fellg J) It-" C--^>- 

. j£>-illl ilajL-uj (_JLc.i *_a JljJLJI 4ji, 

ioLtl fj-i '- ' ' "~*- I jn •*"*- ' '<* ^"'""J 4-JI aJa ■ ul J^— » ■"■ (_ r lc (jlj^>- (j_a ( ^ - "\) J 1 '-— > •"■ Jl_lILJI 4_lI jij ^-."." 

^Methylene L^JLiitl j > ^ t ^=J! jl Propane u^j^l Jla i!>^ «JL>LS sjUj >U: ^^ L^ sum 
jl 4^jj ^_p. Sniffer Hose *_uJI <_,J a k.n i^j ^l^Li aLlAJI j^ij .^U^ ^jUJi jUii 4- p^^ 'n) 

4_LaJLi ^_ Jlj>-jj -j— >-t (Jj (jl ^~~* " (j— a r 1 ^ ' ' (J SJj (jl c-i-JhJ I a-^sa 4 4_La <_i^ mill I J>j^>-j *_J3jjJJ j)< *— » 1,1 
*lj_4J 4U Mill jl J^a! Jtl£. (J-iLllU J[j je ^-, 1 1 jj (j-uj^JI j^H 1 (Jb-^-^l (*-y *•— -ri- 3 * - (j-uL^tlll (2>>s 4 ^— > j Ju JjL?-'- 3 *-^ 
J> ' "J J^* 4 — 1 - a -UI <- <~r < «~\ L-ij 1 1"\ J>_o^>.j 4_!L>. 2— . ( Jlj^iTJ I J^jLuj) CjI— i-L>-jJLil jj_a 4 i mxl 1 La D he. a ^_lC 
j_a^>-VI tjjill (j-« >. i^ltl (jjJ (Jj^iljjj (jj/Lse-LlI 4 ^— » ■ ■"■ (J_aJ>- J^L>.J !^^>- JJL?-^ 5 *^' ' *Iai» (_JJ Jjjj-La ^j^l Jj_j-uJI 
.l—lj I r "itl 2 JtJu I. r ( n^>. tiiljij ^ l^aJ^-j 2 1 jl 3jj^ ' J' (J-^LiJI j uaj» jfl jl TCjLflJI j ,>.-^VI (jjill (J! 
4_J, ^x ^— > o" ] dJJjj (j-u^^a^i-J' x_a JlJ^_l1II Ja-i ■ ua (j-^a J-jIs i^LiisJ ajaj uaj < ^-»'i tl > > > I ^>- j_<k La_dj 

.ujj-^lll i al ifu^=>l !Jja Jl_JLjJ1 



t_-^UI tj^J ^j^jJ 



^J'c^ 




j^yiUjl^C^-^) J^=^ 



^ i> 













Electronic Leak Detector ^jp^aJVI l-jj^I (j^L^- y.y 

(j-L>-jJL-il (j-C i a Lossa-ll (*u-jj ''-"■ * a CjL_Ll>-jJLJI (j-C i a marad! (Y-*\) J*—- > ■"■ pa_ ill ljL-a> (Jot" i a < 
^2)-«jj_ij 3 ±i\ 'j j' : ~~' »J-j'-i (jr^ 1 'JJ^- 1 ^Pjdi <j^>"3-JUJ' ** "V^ L*- 1 ^ 'Lu/ 1 jj*. j-l*jj (_£J-J! iyi\ ■ ua. ) L<alg 3 La i ul aj 

■»■ jil .^.a 4_Cj_aJSia j I y\j-u^A (Jl t" i"il *_a I » La 2j a H5"- 1 - 3 j' J-t^sL) aj *j a < i^ null (_ r JLc (Jl JlJI > uitXI *— tij 

.1 ij i n" 1 1 3 Jui i- 1 1 n~*- 4-lxjjI i aj. ^J~ i n a JljJljso > j' : — - i i la .( ij i n" Jjj*-_a ^Jl SjLii Jfl 




3^pfapa>qE(^Ty|(c-d)Q0 

Bubble test ojA^Jf oL^Uis - r. 2 

Cjl_i-i£=pJI J^-su ioLc aJlJt" i n"j t_ij in"tl I ^ uaajV 3j ^ 1 1 Jj-^li aJljSIj iLa mj| (__ a> 4_2j^laJI 0ji_a> 
j)_LiL) 4_La.re.a J_aJ(JI i fllaJLa ^jj ^-i'i LjJlJx. (Jl q t" i n^Ll 3 Jl-^>. 4_ajjJa j_p.t3 J .<LuJl>JI '"'' J^"' J CjLaL^tUI J 

< ij in'iU jLiJI jjjLIi < ij i n'ltl 4 2 La * i ' ( ) J*"""* '"' UJ. '^ CjLcLia > jj^-'"~j . Jj^xlII uLajLj/j ^2>>s jjj^= 

•<— i) i nil I (jl~a a /)_a 



> ir 














Ultraviolet Leak Detector ^..^ntl j^iii JuuiVL mj-"^' - *ai^u- £,y 



: ( _ r L 1 -i^— 1 4JI ml 1 11I -uLijJiO j^y 



V^L 



4-1J .1 lljl J 1 11 llj a^-Lt-t 



.(3jL£J Ajt-L^ajJ (Jjiaj 3 aala-U, I t-^J>JJ Jj^jIlJI i-La-Li uj pj-<J 4 j 1 ullXI DyC SJLxj^aJI <LaLisl " 

.*lj1>jjj (jl J! (j-«j-II (j-« ^-*>^ L ^ J Hdi (jr^J-4^ 3 -^ jJ i^it,Li y-l j ii-iU J-i-aj " 

.CjLoLjtUlj lLsjjJI (jjlaLLa (JILa Lg-La <_i^ 1 n"tl J^^-J *J9jILl,l i j-^ = >l-' 2 ' (jr^- 7*' "^M J>- a " 

3>a 4< miVi 1 Laj 2 1 ■■ jlIc Glow ^-Aj-ii Fluorescent d-jj^LUl aju nail jl .u^\i ;a <_jj ,„" j>j_^.j jl^ 




■* j-» 1 ■•"'• Jl 3j 4* lu JU t— Iv 1 n"i 1 1 i_a_iIiL^= ( £-*\) (J^sljIi 



> if 













* 1 1) i ii"TI ^^dLoI 



4 ia —" 



Lull (jjill 4*jSVIj i_jj^i]| i^ilS^ijtai^iuj^jyijsu'KDd) 00 



Sulphur Candle c^^JI i*^- o.y 



Ammonium Sulphide a^u^VI oUL* ^ 



■- I i >» i i 4_4_LC 



Litmus paper O „o ^Tl .sL^ Jqj- i.y 



> it 







i—lj, unit I (j£. < flMi^-itl :())jj£>-*J - V,Y 

2 Jo-jJ! 3id7° '**"j Laj» 
j_a I -i ^— > Jlj^_l1II Ja-i i u a ^2>-> 3 4_jjjjJlIjI 2Jlj>^J| 0Jl-J ^ La <-^->-* 4-j>xlgeja Jlj_j_u 2 Jtj>._a x_jj_d3 «.|j_».L) (^9 - 1 

. Jj^/I J-i^iAJI iL^L>JI 2 Ju^-^aJI IL. <L>.j_ii 

.(Ur»jVi ^JJl l£JLs jj^ ^ (Test Manifold) lL^l^i ^Lls jL^. ^ £j>^l 5it^^ J^t- v 

. Jj_j-l1II Lia-ujjj S'iIjU. , „1 » i u , „jtl ^J| ( J ; u«i5jILi (<w9 - V 

.r-jL>JI Jl Jj^jjJI iLaj i "j r-jj^io ?r g i u ) <^.,_l>.j i La a » i ia 1 1 ^jj/LjS jL^>- (j-« Ja i uaal (_yl]l <-Lai->J (J-^-L>- - £ 

j^^JLII (Jj-i-ajj 4_LaJL) ^2>_a Jtj_j_uJI ila-i - ua T^j-^- CLi^-us x <i i n~\ (jl (_JI ( %- Ia-U JtJ^ulII Ja-Li ua «LJ| ala ■ ul TtlSI - 

, U» ,^tl (Jj/LlS jL^jso (jyill uLoLij a I ^— > a« I JlC.1 i ilaJuiaJI (j-uL^S jLgj>o ■ La ■ uaJI 

Jl-J^xLJI LJa-i i "j pLajLJl Cjj_i^3 * o i n" i n <_lL!j Jiicj *_jjj_tlj (j ia a -»■ * I , I i La » i ia 1 1 (Jj;Ll9 jl j-v- (—aLg-Lis Ttlal - *\ 
, La » i ia 1 1 ^jjiLlS jl j-*- (_aL«_Li5 (3-Lc-l (*-* cr^'j^ ,* ' "•*" I 2 Jl>-jJI (Ji-I J (Jl <— il i u-JJ jL*-JI i-L!^3 1 .2 Jl>-jJI (Ji>-I J 

. Ju^jjJ I Ja_u_u j <U la La i u I a Laj^s j *_ojjJ I _J (j Ja a *- * V ' 

. j£j-uJI '-La-Li -j SMjU. , „l ^j^j i La i uajfl (JJI J ua^l ~ V 

-t j-L>-j_pjJI S'lljU , ,.l » Ja-maJI ,JI (Jj-cajiL) (<^9 - A 

.r-jL>JI (Jl (j-La.j_p.LJ I jLc r-jj^io tt <i i u \ («L— po i La a » i ia 1 1 (JjjLlS jL^>- (j-« i La i uaJI (jrill uLaLij ,_}i6JL>. - \ 

{j\^*-jylu-l I pLajLjl dlj-i-a )> o i n" i n tliJj JlJ£.j x_^JjJIj (_^Ja^ieJ U dajl LJaJI (jj/LiS jL^>- (_>3L«J-i5 T 5 -^ 2 ! ~ ^ * 

.2Jl>-_4JI Ji»b 
JaJI LJa (j_a J^lj (J^i i*ii"tl JtaJLLJa (j^a (JjISj (JLc.1 ' La » i ia 1 1 ^J\ 2Jl>-jJI (Ji>-I J (_JI <— il mil {j\^*-jylu3\ lL1j3\~ \ \ 

.LHjL^ j^=i U^a Test Pressure jLni.^1 

jj^->-J>i-JI AJl jia i "I (Jic.! - ^ Y 
j JLaJI Cj^Lllojj ^Jl>-I ^_ (I Jl>- "ajjjLUz Amelia) Ttlflj dJJjj 2 Jl>-jJI ^_ <_i^ i uJ ,Jji£.l - ^ V 



^ io 







<LJLlll (JjLjjjJLj <_jj i >i* 1 1 ^jx. ' 2 lu^jJI 

Halide Test Lamp jlJL^ji la. - I 

aLjxJLII (jlal—La (JJLa Lg-La i_ij in"! I -Sj-^-J *_J9jlil (j^aLa^l Jl *daj_ij Jl_lILJI 4_jJ, /o eg] I (^^ i-dj_j*. .V 

(J_<wJkl s-lj-JI (Jj_i-i5^j ?-l a i nit LiLJjij 4_ilg, l a iftt^aJI -ilj—« (jL^=uo J ^— ■ Jtlc ^j^ajJI (j_« * *J * J "*' ' I . i 

.jjl^Ls.VI 4 2 La * a Jl JlJ^xLII LJa-Li uaj 

a^Ljj Jl-i£ '.'J '""' \3 Ty? L? ^ '^ fo J ' .' J '^--^^l jj HI (Jl 3L?" "" UJ 0.1 *"' '** "k^N a Jl-i£ .0 

.(jisLuJI JjJtJaJI 3jj^' J! S-V^' (jj-l J- J - *^ j UJJ i ""it I 

.2.}^>.J <UL>. ^_ <_i^ i n"tl ^-^LuaLl <£ ."\ 

Electronic Leak Detector ^jp^jyi ^j^U! <Jlj,L^=- v 

tj^jijl dlljiai. 

. 1 -i IVi * * 1 » u. S". a CLi^us x a i n" (JaJLoiTjl 'UjLku -lj^_J <j-° \^— <\~\\ Juu jL^>JI JJi-JL . \ 

■<—ij i ""it I (*>£. I ^.".^-.It 4-u.ul i n*«.tl i$J~ i " a (JJ jL^>iJI (<uis-l .Y 

.!-£-) ujj_tjij -S^»-J (J-a Tcv -t, I (Jlami (jyic jl(j^tl t-Jj-»- T 

.<— l^ i n'ltl Ji^>-_aJ (j-ul i n^-^Lt jL^jseJL! "Lcaj-dJI -1 Lag » (j-«j-t' £yi L&j^ A 2 La * a <J^= JlI£. j tall)) .1 

LiLtj (Jj 2jLi^f I -»-^mI ,^.a jj -»-l . .^.^ (J 1 1" i"il j dia LaJI Lcj-uj /yilij J' 37" 4 -«-*- 1 4r J- 1 *^ tiicL«j-u Jtlc .0 

<_)j_2JI oLjj) S»l uaJLl SjLfu^fl -»-^<l i^. a jJlC jLiJjl j x-LaJjj (JjJlJ jJ-lijj (jl /JJ Cjaj^aJ I Lcj-uj jl J^J .1 

.(<— >> i ""t I 2-sLij j I <— >> ' ""t I (j-« 

.2ji_a^-j 5JL>. ^_ i_ij i n"it I ?-^Li-aLi /<^ .V 
.HI. 













Bubble test ^L^JI oL^LSis- ^ 

jj-GJL-ij/jJLi < al .*:.".^-.l 4_JL>. ^_ ujj Hi"! I (jl ^— > a jj_c i a .'r.^-.tl ajjji L<aJ dUjj 4 U i njJI oJljJi Jot" . uj 
i-jUTli Ja-i jJLI j ->n jij *—• ' i>t._L>. Sj u ^— > aL>J Jjlsl—La jl 4_)jLilLa Cj^Li^sj Jj^>-J Jl-Lc 4_u3L>.j (j-uJL)l '"" 
tj— L I i^~~*J <_i^ i n'ltl 4jLLaJLa Ju JuxTJ Jj^jLuaJI CiLcLii^ 4 Ij i uj J o t"i i uj I jj Ju^iliJI ila-i ■ ua jL*-> * i i*ii a 4 2 La * 1, 1 

(JjLuj (j_ajl_U3 (j_a (jj." uaJI »J^-J J^c' LiUj jJl*3 jJj <— Ij. I n'ltl ^j^l <— O-lm^zsAI (j-aL>JI (jj." '^" (JO*"" "' • ^ 

4 iu^aj 4^3l_l»j " Sj^jJI (j-«^>- *-a *La + (j&Jl LtaJI (j-j - "*" i u a jl 

■ (Jj! I ntl A_ 4 I ii <1C, JiJLJ TLJt? I ii jl (J Q t" I II I .Y 

^-tiallll jl aLxJLII JjlsLLa (_yic 7zJJlui2 I 4 U , „lj < 2j£.jJI *-*-i -V 

•<— i^ i n'ltl 4 U«Si j j^a jLiJLi oc gio-a 2j£.jJI ^j-a CjLcLia J_a^>-J . U>-s. V . £ 

. JjJljso 4JLli-uJ (_^l_i .Uj.MU SlaiiJI tiUb _}Ju>- .0 

.2.}^>.j 4-JL>. ^_ <_i^ 1 11" 1 1 t-^LusLi /<kJ9 .1 



\ iV 
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ujj^I S ^l,tl 



.^ irT>p II 1 1 1) n i llf] -c^ i n II p 1 1 n i M fin In II niiiiiiq p II 










: (jr Lc lj->L!s <_JLLaJI jj^-— _' «Jl>-jJI oJl4> J-i"^-— " LaJtlc 
(jl_^=Laj I g-i-fl *j^>- (J^= JJJJ "j '» LiaJI cJi-uj==lLJ I j JlJj_lLJI CjIJl>-jJ 4-l^3l-uL^3l-UI i - 1 1 2 -» LI, I 4J2j_t« m 

4_uL)j^J=3l!I jjljjJI (_)JaJi ' (J.iyt-1 aLl2JI m 

d)l ajelXI ^yic- l£_j- l> '- 1 "ojjjluz <_Ji-uj==iJJ Jujjj CjI Jl>-j 

Sac ^jaj i La 

<Laj}Ul <La^l i ntl ( JjL_uj 
■ A-iLil i nil A_uj/ljjJI CjI Jl>-jJI i>-L»aj>- jLll>-I 



Ul 










i ?i i t^— i"j Jj^jjJI 3 d j la * a I j La 1—oJLjj ^pJI Aj^jLlII CjLJj^dJLI (j-a 4 Laj m-dl Jj^-uJI SJJ-S '"'' *•*■! a J '"'»" 

.(j-ie-J-Uj JJl^III 4 I j i njj i_a!t^=J,lj .UA1 .Ml) *_>j^M 4_u.uL.uVI '~'t''j^— tl i__JL>. _^| f-\^J\ 

j a-~JI 4_J_L_lj J_j^_j_JI ajj-i "r ' **-— *_ Sj _L_ <_L__4J- ■ ~ 1 1 2 -» 1 1 , 1 o J__t> _.j_^-j (j— a ■ i ul ■ •■ *' (_p3j_i-JI _)J 

*__bj-i l_a 1 j * -i a i 4 aJla&a 3j Laj *'j-^-^' flJt—4 4_j_a__. <_)}__>. ^j—a ___!_■ j 4j unljJI I g-lj_>.2 (- i^l^p-iVI 

. ^JlaIlII aLu_= i _ T ic- Lai d-eU j___>j-I La Lj_Laj J--C 1 -gJI ^Lc -i tV^I ><|ll 
XJa-UuuJl Jl£>j1II 2j_iljJ 4\j___^L_=_-J,I oL___1U /«__■! ,jjC. C-J-a-"ii in J.^»*tl <>ju_> _Lj 



4- J^>-^l ^a-^JJ^-" (jLa_--_ -_LaLa---JI ojufe ,-JlJ-Il.u. :(N011-Return Valve) fy>>>J! j-J-2. f>Ui^> .^ 

,_) — -^ VI 'j 4 j i nL-u -M JlJ^jjJI sj-il-' «.ljj>-l (_yic- 4___3L__j3JL! LiUjij i La -•- i I (j-tuL) _L_ «___q_»-j f-J-aj Jl>-Ij oLsol 
i La C I -all 4 1 1 nitu Jj___tlj (. use i uJI ___> _L-J I a____»JU J__) pj_*-jJI aJlC __LaLa_-3 x-usj^j , , U ^- I . >> ! I 

0-V) J^-> ,i,tl 4- J-^sji' fU_i__JI IJl^JlJt" ,„j : (Solenoid Valve) ^ u^l_ULaj^__aJ| .»La_-_JI .Y 

■"^—i -»-"iU i aj__jj r I 'J 3*-— -ll 4 La i ul aj a I a -a-II I Jufc <J-a-t- < -'_^J' ' ^ ',' '"""'"' j Ju^aTJI ,-ssiij 4- J-y^ 2 J^"""* '"' ' 
4- ij ' "_ ** "JjJ J^"*" , a --Ul aI JlJt" i ill (*J-JJ ( L_fcl__!__ <_P-.II i ■ '< 1 i » /j ^— - \ 1 Sjl mi 2 I (■ i i n^>- (jLjj l ntl 4- 
ilaJlj (_gj ^—■j II ' ■'■' ij^-i~U 4- 4-aJiir" mXI i)LJ.I . UjU»^-j C^JijJI i Lai lis j 1 1 ul a "J Ju^jTlII uLa_Luj ^J 

i l-^j » ■ ^» 1 1 




Outlet 



> Mounting Hole 

^ , ■■^'--1 *» a_9j 3^~* 'I j*l a t^aJI v^"V) J^— i ■"■ 



^o. 










4_l!Li JqjjLu 



(jLp-Vl '^ «j 4- -hi^l bj- 2 J-*^ D-* 1 ^-y (Relief Valves) ^.h aitll oLU^ .v 

4- <tLi.aL>JI ajLjjJI jj "j a '" ' aj 51] (j ^ a-uJl CjLaLa-i^ i ■ j *— >j " («j_s LlUjiJ i iijjjjl A. " u~^" 4 - =t rH- ! 

I *jj i ■»" 1 1 i i 1 1 n" s Z kt.-L>iJ (- i i iil-La *_iis_o>J 4- ^>-jL>JI ajsJu ^ ■■ < ■■> '/"• \ ' aLj-j^ J ""*"" jj' ' Lj>t - 1 j ' * ' ^ 

l_£ J ^JJljla ^j-a J' j ljJ * " Sjl J i ii (jJLc. '"'' a ' -i '^^ tfJLjfc ^j^-* ' i_£jj->jj i jlj_iis I 4- JlJ^jjJI Ja_i i uttj ( %3.l aXI 
Jaj i a 1 1 4- a jLjjJI (j •■ J fl *" (OJJ^J Jjjjj>- Cj_jJl>- Jo£. ipl J i nil j j i a *" 1 4 i a-ase * a J' J ljJ "' ^jlj-*- < * J * , W )-^ 

*!j^4 jl^I Jj^J jlj^I oIjjj ^-^^l-o-^' "^ ^JljcT.-l.uj : (Shut-Off Valves) jiiJI cjUU-^ .1 
4- ^-j^yi j-& I o^-> jl^Ij jl-4^ 4- o^jl <j> o-c ej*-^- J-*J : (Filter/Driers) 7e_uijJLl A a a^JLl .0 

(jisLiisol J!^L>- {jj* J^>^l 2jjJ JJ (Ji-JJ ^^iJI AjjJajJI iJljl JLc cJuLsJkl J-a-*J daj- < (V-V) J^— uitl 
(_p3j_*_a s-Ltl jL->iJ (jL-3 JtJ^-uJI ajj-i 4- 4_)_olajJI Cjj a" i ul I jlj .;_£j_>JI i LaJi LaJI ^j-C ajjjJI 4- ' * ' a 
CjjJlj>- (Jj (_^Ji|_i La.4 j-Je-J, I j J-UcTlII Alji-us 4- ajlj_>JI <U>-jJij i LaJ» LaJl 4- C aJdVI ^-^e^H- 1 JLa^lll 
,UA1 .Ml JlJ^jII LaJLJel^aXI CjjjjJI *_a JcLalll 4_J_>LJ3 *UI jL=tJ (jLa l1UJl^= . Jj^jjJI SjjIj 4- ■>Ij->"'*'I 
ajJLlS 7c_iIujJ,I Lai i La g I L^all 4_lL>-I jJI «.lj^>-2l ^j^» ' (_)^=G (JL- (J-aJ" (_p3La^s-l J^* I alJl I Jufc (^>£. /J-LJJJ 
^ LaJI i La-i La pLajjl 4- '- ' ' ' "" ^^ Lr^'_5 ^£hf^^' *>^'-^ 4- '-LJ-^J^ (_>jIj uJl (j^s Jj_)-uJI Jq-j ■ ua 3 j 2 *"" 
4 Ij i njj jjji-l jJI ' d .^-itl i ^ > _a ^jl_>J| (Jjl intl Ja a. l _ 7 -ic 7c_iIijJLI I d A>J , I )>_iJ?jjj ( i La C I LaJH 4 i i nitu 

.J 




-..^tl /, a^XI 4 clUa (Y-V)^^^ 

/o^.jJLi t( '"j ifttJI a jj lu aJla r-Lu/jVI ^j^» | (_j-L- ^£hH-J' ^ ''JJ- 5 j-<-"'j- a l5J^- >1 - 1 ■ I Strainers J -^ I uaJll ."\ 
i-iLlj JUi-a (_yic (J-aJU 4-Luax i •^^~~'j" (<UJ ciU jjj < Jj^jjJI ajJJ (_JJ Li_a^>--i («-U e JlJcjJ.1 Cj LJa Lll>- z I (j_<a 



^e^ 






janaAUl 




Jj^sO *_ iX • la C I uaj I Jji-Ji-a Jl_Lc "1 d ua-a . ■ .^— i^'i ,-aTi-jj . JtJ^jjjl aj—llj 7:j1— i- 1— ifc-ijJa p-J oJi_a < i-)W) i iill 

4_i3 J^j i n I (jl ^— i " A_ ' < *—^J~J ' 4_uJul>j ■ J ^— i I ui Jj^s SjLc S La-Lai, I oJufc « * i aJfl t iUf.1 i^ll ij\ (_tjlj) Mill 

4_jjj 2! J La.aJ a La .^.t I J_>.!_} tt j nit ^j— a 4-JLLaj ' < *~~'j" JaL_LL>-zl A_ a.lLjjj a La Lai, I ' a ;ila Sj ' U a 

. jLiJI tjLjj 1 nt S^.Lii==) <LajlJLa i.m n" LgJV Jjt iVitl J_>>5 S^lli) JlX-1 '""'" La dl LiUj *-£j (_o.jj l <uLl3jJI 

^__j (O-JJ-JI i^yz>J) "*• (_)^>-'j ** *-— * ' ■"■ ^j_a ,* * ' ~^~ < i-i'j) 1 11 II (j-« Jl-J_)-lLJI t^JJ A - * a Jl^t" 1 11" _ udLLibj 

A_ 7~LujVI JaJL ■■" 0_l>. 1 ^ . U '<", 1 1 4_ul J 4_n^g^J3 ' aLi^a-a i_l!Lla>j ' a-tLaJull j^ys^>ii\ 7u2 i_L--vj 4_JL>JI « Ju& 

pjjJI jjja J-Aj 4-al JlJt" 1 ill j "»^-» tl JjinL) ^li/<» ^j- J-* - ' fj- 1 <-£JLLa>j .(_pa^>JI jj-oAj <4r j' ' '"U '-""'" *LJl 

■ Ciljl j 1 nil (Jl^ta ^_ Ji^>.j_a fj-Lll 1 Jufej 4JI J 1" 1 ill ^j*— 1 1 ' i>L.-l>.j 1 La C I Lai I 7TjL>- *_iisjj :*■ j 1 oil I (_£J 

(>a 4_L1~lJU CjljljJLh^l J-_lUH (V-V) J^ ^JI4 ^'-'"J 1 . 1 r^tL-.M ,^tl p 1^-,,.,- :i^jX\ O^Lua^JI .V 
AJjJpJI 1 La C I j < >■ I I a! Jiielu-ul Jtlg. <Uj_U Cj^LlsjJI a JlJ-'i i n" LjJLcj .i_*-uLJ^M Jl 1 La C I j 1 a 1 1 JLa dll Ju«J,l 
SjijLiaJI jl A-tJ^i!! .UAIj .^tl ( ^ ) _ a (_ 1 _jjLj^l ^^ L>jjLj jji^=l jj =^=u 4_^oLl!l Cj I j I j^Jti I (jV tiJJjij 

jljIjjjfcVI (jl 



.AjJl^lII 

.4-jJUJI oLcj-^JI ^lu jLkJI ±&ul\ lUjinjiL. (Turbulence) ^Ijia.^VI .y 




iJjJLl oMca^il (r-v)J^^ 



^et 










JM^j^-a liUjj J^>-^' bj^ *'-^' J-aU* oLji^Li JjL^JI ^Ij.^ J^wu : (Receiver) JjLJI <jlj^>. .a 

■ t-> ... ij jjj_<i_) 7t <i i n< ZJ JjL^aJI aLj_o J I i La ^3 4j.ll mtl 4_IL>JI A_ Jl-Jj-uJI Jaj 1 ua j-Jj^u l _ 7 -lc ^L-LaX. 
Jtj^xlII ' L3-4 1 "j LJM->- (j-« (_)i>-JtJ ajjjj/La «Li tj'j^>- (j^. »Jl-tC- (JjL-uJI (jljj>-_a .AjjLiJI ajj L<aj| (_ylc Jj^-lLJI 
(JJ-S Ja_fl£ (JjI mtl (. i-r 1 n jj 1 ■ >»" ^jIj^JkJI J^ '•■! (Jj 5 -ClO-4 ,_£j^>.| Sjj 1 nLa illuJtj (.< V*.^— tl ^j^a ijLSJI 

(i-v) J^^jLiJ! 




(JjLjJI (jlj^>J (^yiajlijso («-i-uj (i-V) J^— 1 i"i 

^_^ JjL^JI jjljJ- J_*£: „^-.r £-<^>J,l J_«j :(Suction accumulator) JjUJI oljJal J-^>La ^ 

, u ^ I , :-. 1 1 1_ i->- nitl , U ->. ^_ »_q_ > J,| x-iisjjj .<ujLiJI <UL>JI ^_ jj^-pJI ■ t— > . . ,,* j^juj (_pl i nil (j " j ">< l A >^ J 

,UAI ,>,tl u^j^g "^ Cy JL>. .UAI ,Ut| Jj aJj| ,„t| 4_JL>J| £- Jl_j^uJI .Uj , u j JjJ«0 j»J-C <jU t^aj ciUjij 

Jaj 1 "J ■ 2 ija (jIjJkJI (_yict (j-« <UjLi]| «OJL>- A- JlJ^jUJI lLs-Uj/J «LLa (. i-a- 1 11 > tj!j^>- {_>£■ <»JI-lC- J-"*>J .1 aJLjJU 

.<LoL*JI 4JJJ-S J-J^-pJI lLs-j 1 "J J^sljJ (<u j_je_iIL) (j,^*- (jlj^>JI ^_ (Jjl 1 ntl Jj^xlII 



4^-jj 4- £J-£jl LLai:LJaJI 4- -4>£JI .Ujmj ,Ui<h LjU^. <yi t A<j :(Oil separator) ojjJI J^sLa . ^ 

' ' "*12 ' L ^" Vj * (J^— *■ O - " <-SJ lis Jljlj Jij-La-J ■=* Lfli»xl J I (_^Ji|_i L4-4 ' _ 1 uftJl ^J'J^*- 

(juj—uj ^j_a u J " 3 '^** ^£hf-^ aJlJt" 1 n U O-JJ-1' (j-° '" 'lj '"'' A Ja£.LiiaJl ^j_a Jtj^xlII 1 La 1 ua 7:$j^*- 

LJa-i 1 ua 4 J^*" (jr-^ 1 J-*-*- 1 -! i-LaX, I uaU ^j LaJl Ja a. l _ 7 -lc O-JJJI J_u£=L3 s_ ii=j ,-aIi_i Jlj^ijJI 3^_jI J ^_ O-jjJI 

.Cjjjjl (J^-al-S 4- LcLLaS Ttuisjj (o-V) J'^ 1 - ui i_$j^-'\ aj-« cLaX-LiaJI J J OjjJI ajLcJj C^JijJI £yi Jj^-ilII 



)0T 











4_l*^= Cy i£. JJ^jil (w) (j^=uUI ^_ i^^^il jjLJI i^Uj ^jiieiuij :(Sight glass) jLuJI o-U-j . 1 ) 

CjLcLia tjj-i (JjI intl j^Ia I JLa c 1 V".^-.tl j ^a r-jL>JI (JjI i nil Jaj. ^_ «_iisjjj t ajjjJI ^_ JlJ^_l1II ila.4 i uj 
. ~\\ r.\7isy\\ _>_j->-J 4_IL>. ^_ Lai i Jj^uJI ■ t— > i . ,,a ryz 4_u-ul_Lo <i i ^^-— ■ l _ T ix- (_£jZL>iJ Jj^-uJI ajjl J (j| ^L.t-1 I Jl^-3 
CjL^tlS J>j^>-J (»J^- (j-° Jl^=LjJi Jl*J Jj^-lLII ilaj i "J (j-/0 ^J-1^~~ I s-iUJ-J <*_»-L>ij Jj^-lIII sj-j'-S (jl (-r 1 -*- 1 ' ' 3* 
4jL_i^iS ^j_a j> Jl^t" mi, I JtJ^_pjl Ja-j 1 -j ^jL^s I j] ^j-uLje-LlI (j~« (jl—uJl 4_j>-L>.j » * . ^."^ . l»j . ..j n (_*Jj mil 
J I ' 'I LtaJI ^j_a **■-"»**' (jLuJI 4_>-L>.j (jl_S Luj-a^l jjfc Ajiir" mil Jaj mftJI (j"-^ 3 'M '- ' ' *— 'HWJ-^ = _^tJ' 

j A i^VI jtj 4_ijJajJ| ^j-d l_ifcjJL>. 4_JL>. J. j LJaa.VI ^j_a J \rj '*"' ' '^^ ixuLut*. A-U L^o-1^3 ajLa (JM->- 




jLJI i^U-j (vv) J^- 

_ ^e£ _ 







j jitJll ukiuis 4- p^~" |; aJljcTll-uj : Evaporator pressure regulator j-s-Jt I -kju-b piai-s - I 

aVajus 4 L i a ' CcllU (jL^aua Jut-l ( aj_-_/Li_a ^_ie_i_U ?Tj)J-3- J-i-1 4-Lli__>j_) jcHj . Jl_--Ij ^-3e_l-> (j_o j"^~ »l 

a^ ^-JLc ii___.L--<J. Ajiieimj :Crankcase pressure regulator ,j£j-U ->j-<ui Jaiii piai-> - .__ 

(J^i-O _LlC 4-Lllojj «Ij .^1-l-i « j 2 1 a 1 1 <uljj 2^_Ii_ *Lij| AJb^Ja SjJ, oJl>.jJI i * a j"' J-*-! <u__> Li- 

.2j_-_/Ll-> i la C I t_aJ I 

i aft^aJLl ukiuis 4- p^-**-"H Ajiieimj : Condenser pressure regulator Liu-=Jtl JaJLLa pk;* - ^ 

/oJa-UI I Juk ,-» J-Jr" i n \ j I ajiL_=_a_t_1 SjIjj>- 4__--j._ ^'—1 A^.%1 J_i__. <_;---_-. 4-Li.t.a 4-<vl3 j2>C Jlj-i-i V l _,^— > 



^ 00 










<-il aseljl oJ^Jt ^j *— - J-ISj Vj < 4_tCj^ j_£j^>.|j 4_u_uLjJ 4_uLij^^= s.ljj>-| ^^j-a Jj^-lLJI CjIjjJ j)J i ~~'~'" 

Thermostat (CiLLt^Ajji\)dj\jsti I uL^i^lfcU- *.* 

(j pj| LiUj 1 tbj^ .1.1 SJljJlC f-ljJI oLlx^j^oplIj .4_ijL)j^^=JI SjjI jJI £- Ja£.LiaJI ,JjJS i_^=j-JJ SjIj^kJI 4-»-J-i 
^j_a i Jia LaJl ^_ drljj' m" a ^l^-* 3 ^ '"' < a ^ r " ' " * f"J— "' ' J— * 4r-J ' U- i '— *^' -i^-*- 1 ^Mj->-i 2 i> Al la ( jr -ic Jl^Iju 
(J-ia-t-i ajlj^>JI A_>-jJ pLfljjl Jl-ul3 < I i j <^» ' *_a (^-^J- 1 *-^ ' tulsejQ i_£jlj_». JJlaJ (J-aLt/O Ls-J £m Al".-»-a (j-ujuta 
Jj^tj (jr J«_ulaJI *_iijJI ^J\ ij\j->i}\ 4-^-J-i »-ij-C JlJ£.j t »l_L-vjVI <J-J9^M (_£jIj-j>JI JJlajJI <J-aL»_a ^j Jajj-ifoJI 

.(v-v) 




(jJuJ.1 <LuLu Cjl'mij^ajiiJI (V-V) J^— ui 

(jj^ta (2>-a S-iLc f"J-^' lJL<k ,jj^~~ '"'JJ <*-jLU JJlAJ 4Jj-laJ (_y^C- J"l^*-> Cj LLij/ j^ajil I (j_a jj>- I pjj i_dl_ui>j 
SjjIJlJI Jj-lcj LH -jLa -9^ Lr-^ 1 (J-*-*- 1 ""' ""'"'I ' 3 I ' - J> "" jjji_aMj 4_LaJiij ^ I ualix <Uj t i"i 4_i^jjIj < x-jLU (_ r lc (_£jjj>o 
(jr ic LLai ■>> liij^ta Sj^Jt-ifuJI 4-i^jjVI JM-i- JJ-oj]I '2- *jU,I I Jljj ajlj^>JI iawjJ f LflJjl JlIxS t S-uLl^-^aJI 
A_»-jJ (_pal ajol JlJ£.j lLsX ' LtaJl (Jjt i*ii" ^LHJuj 4 xil 'j j^-» II ajjl JlJI (_)->- lojj ^_ ojjJlJ (»3-5j (_£JlJI 7-riiiU 
ojjI jJI IL. LtcIS liij^ta y-LlflXI ^^Jil JaJi_iiaJI J-2jj QJ-stXI JJ«-lji (jr L*-aVI 4jt_*isj Jj «JLt.l Jj^tJ 5jlj^>JI 

.(A-V) J ^-7 A Ja^L^JI 3>Lil ^QlLij LuLj^JI 



^«n 










I jLs) Cll" i nj-a^iJI A_ LhJ- La> J-^' ^ ' LA- > ' j"-" 3j~^ (j-ul— uL) rft-i) J_«JtJI i j_C Jag. I tia.ll I a a j" _L_Lc .T 

■ i-LITliL>-| (J-5=-<-" (^'^^N" 







cjLL-ujjjji<JI (A-v) J^— ui 

JljJljIJI (jlal aJoVI j| S-Lajj^l <j_a .UAIj.MI AjLjjsJ (W) J^=lAJI 4- isejisjJtl .Ui.MI Jj^l^ aJlscIuU 

jjLUI JaJL^aJI ^_Li3jl (>a uki:L^!! j^-o^ -.High Pressure Cutout ^UJI JaJLuaJI J^Ua - I 
^Uiol (jjs Lk£LiaJI ajU^ (_yk. J^»jj : Low Pressure Cutout^iiii^l JaiLiaJI Jj^.L3 - t_j 



^«V 










I Differential 

'L/i'-" Adjustment 



High-Pressure 
Range Adjustment 



JaJLiaJ I -lL-= f 




Overload dJl^lJ*^ I jlaG- «,t 

*_LI_JS jj ^~-"'JJ j j^-U jLpJ' 4r * J W3 l£' lH 8 Ja£.LuaJI 4_jLu»J (j,-* JljIj-II ,J_<u>JI s-LaLJS 4 ajJaj (j) 
<-rj i rn LiLJjij jL-^' S^Ljj A-sejjj L^jj I jj>- <^>-J-} »-iLjj Jl_Lc ^LjeJ-j (JJljlU 4_uL<j 4 itlaja (j_a Jl^IjJI ,J_4J>JI 



4 <iUa 4_uL)j^^=l]I SjJiIjlJI A 



K<««Wfl 



B 



*"J**' rt a *Luu>^^du! o >jljul 



oJudl ^LS JljIjJ! Ja^JI gJa& -v) J^i 



^«A 










.\\A\ (3_Jj-<UI 

.^t\ l^A ^l^-U (—xjjjlJIj (j/irttl p-lUiU "LaUJI 4 iiiinji,!- ^'igll i_cjjJljJI 



'M 




*i*3* 



ujj^I S ^l,tl 



.^ irT>p II 1 1 1) n i llf] -c^ i n II p 1 1 n i M fin In II niiiiiiq p II 









1_# \\Y 







: (jr Ll lj-}LJ9 (_JLLaJI (ja^aJ SJl^jJI <5Jl4> J-i"^-— " LaJti£. 
I j* a (J^= JJAJ SjI j i nil L-kji^a-aj IjTj? 'J >,/ '" ' ^'^' : ~~' *'j-^' <L2j-*-a m 

■ ajlj i ntl cJij^auaj IjTj? J JmaJl ' '" jf~~^ all 4.lLuj)jJ I 4JLu^aJI (J-a-t-i aLlSJI b 
.SjLu-JI I a^=»i Jlt-<WI Jjjuso 4-uLi^3 ia^ta ■ 

. % VO 3ju<m Sjl j^>JI o'jjt (Jl£\ fj\ ^jjalil J-t-aj (jl : u^ikiUb'tfl ij^uin<4 

3d£LaiJJU>ll 



«jl 1 , „t( i * 1<^-I a 


l^gjljja- ir-itl ( ?i i^-i t,l 


4JMi^_a (Mainfold)U; .mi^LiS jL^ ■ 

oLJ 

'.D '" " "J J " 

J-lL-u (jajLuiS 

SJl*J| (jjJ-LLg B 


.<La}Luj SjUij B 
. 4_i^aJ T/A 4_uj/L>iJ aj^u/La 

■i_ujiJ| aJL-sj m 

.*>Ldl Sjjj-uLt jj^-^-j (»LaJ-3 " 
^Lxa *1 a • a a 



:SjIju>JI i - < 1 i IU" a 

■ 4-3-1 1 i ntl 4-LuljjJI CjI Jl>.jJI >-L4.~>. jLll>-I 



n. 







Lj^Lj A^LisI jjk Evaporative Cooler^ Desert Coolers (ajjIj-^-^I) Sj^tiexiJl oii^aJil J^ |jl±* 

r-j-^Kj (_£JlJI S.I34I! aj^UI Jtj^ilII LjJljxjo «.Lt,l p la » 1 Ij-=tj3 tiilj <j£. /?J-yj *UL> y— i-tfu-t I (<LiL>JI) (jiiill JLc 
I J_4> J^j- a <- < * i n ij .«.l_ll (jlj_>- Jl *I_U ^j_a ■ S-uJLl *j^>JI -Sj-*-> (j^>- 4r ' ^^£>rP ^'J-*' j-^>^' J j Lc_a^ Jua 
l~£=>\ • •'■•" ' fl-t^aJLI (j •■ *—• » ' JjLlJI *lj-JI *_a 4_)^lajJI (j_a 4 1 ml j-JLc (J '^"^J 4JL3 1 Jaj ^eJa-m JLc *'^J' 

.LaU. *I_^JI J>u ^JJI 
: 4_JLlII J^oIjjlII JLc *I^«JI ^j'j- 3 *" ^JO- 5 'Ar <_P=>La->>J^I jL^Tujg. 

4_JLc 1 a J^all a*La^= C^JL^= LaU* slj-^l j 1 ^=> ( i 1 ^ ^1 ijalajJI (_^al i^'kV *'jV' ^— ^*^ -^ 

.^iill /_!£. sLjJLI (_gjl I rl"U *_jjjj]l .Y 

.i_sLJ^I JLl S-ljjJI JJ>1 4-u.ojJI Sp-HI .V 
.*UI *LaJ <Lxj.i .1 

l£jljJtidll (^Stl U£L£J ^O 1 *** - r t^ 

JJsi Jiicj (_yj-j-ll (j-« (ji-«-a (O^*- 3 *- ^^rp-^ t^gjlj-a- i^tl 1 rtj^-iU l(j^l(j"mj Jill 4_uL)j-£^=l!I i^LLaJI (jl <i-L>- 

LjTjb"" '^ ' ;, -^~'^ (J^ Lp^^J <(<^ej>JI (j-oij J>£>^ 1 _ / ^~- 1 .' uJ\ • fl^=dl ^^—^"■•■.' (jP-II A^LLaJI A/^ (j^a 
-l;j j^— II ljJM^Tli-uI f-LflJjl (>a (jr^L 1 " (jP-II ^^-.1 aVI IL. ^l^^ll Ld^L^lml (J-tlSTj I JL>. l_cmlla 

jlj_a (Jl pt"i 1 ill ij^tl dJ_Ijj tjjjj^i I ^ S-Ja /- 1£ jj lis (_^l (.iii ill V L^jI 4ja|>je LaJI '"'' ^^^~ l J 

.(jjjjVI 4 rr 1 V-> JLg. jjj^— > j-uG LJ (_jjJI CjI_Ll>-jJLJI J 1" i nl (jPJI ^jj>-2| jjj-ka-n (j 11^— if 4jj1 nj4a 



u> 







l_£jljj*j*aJI ( rtj^-itt *lj^T 

; L^jfci *lj^>- 2\ jj^a <Lcj_«_3t/J ^j^a ( ^ -A) J^— » ■"■ L^J? J "*" ' a * ' ' , .^~~' UJ^""*"" 
*LiLi (Jixil (jiiill (jylc. "JJIJ-^ ^*J '-t^^ '^^JJ *L9(^' '-.'"*" ' " (jr^ 1 (J-**-^ ^-Jj-^ -^ 

.«.Lil il^-i^aj <L>-j)J_tl (Jjt (""it <Laj}LJI AjjLLaJI j_l2jjj .ajjijj Li!j^>iil .Y 

.i_sL>JI jL>JI *ljfJI 4_!}L>. (j-o j^jj (_£JJI *UI fjj-a jljuaj ^^ Jj^uj Sit- < Ml .V 
<Lse cgaJL I (J -T* JJajju JiJ2 /jJ-I' (—tJlj ifoJl ^j-« <ie ua^JL) (_L>-I JlJI *Ltl i _j^aj_L>iJ (_ r lc (J_<3-*Jj *Lil »l a "■* * .1 

£- <-lLJjj *HI o'j^*" 4r O^*-^ Jl ^*" JLJC <>L_J,I i—lj-i-ola (jr JLc <Lki3L>J,l < jr lc J-q-tJ 4_aljj«J Jjlj-S iUj^ .0 



nt 














^jlj-^ ,^.tl (_Lt^=J.I 0-A) J^— ui 



l^gjIjLsejbaJ) < flg^aXI fc-t^^aj3 : (Y) (jJ>«J 
<U^s^j TV A 4_u_uL>iJ aj_jjj/La . Y 

$.1X1 aLLuax .V 



nr 













J>j^>-J i*^^- (j-* 3 ' ^~* i "' " ' < J'^""^"'" (J-^ 2 a Jlj>-jJI jJLij ( L^Lji^spJ ^j a I a ^- 1 , 1 _jt^— t ' (Jl a Jl>-jJI jii>. . \ 

.3 Jl»-jJLi ( _^L>JI oL»-iIjl11| ' . ■ - ;"^-— l^^j .Y 

.a Jl3*_oJI JiLu-u^ 4_aj}Ltl 4jji1i->tl j| 4_uJmi,l CjIjLu-uVI cu^apj aj9 .T 

.(—i-u^sJI ^_ aJ>_o^>._oJ,lj AjljI '-"tl 4^=^ ilit I dlLyJlJU Lm> a Jl>-jJI '"'' 'J^~^"" (^ ■£ 

. 4jxjpe-us I jj I «a ' j^Llj^^aJI jLuJIj ijJ^Lij/^l (J-i-aj -0 

.Jj^'Lc^ I a I i i a ) a Jls-^jI *_a 4_j_i_u L^eJj I «.Lil ajj i nLa J-u-a^jj /«J2 .1 

.( Julj Ln-ia a Jl>-jJI 4_oJl>. Jj^ i n"it) t_t-LilJt 4JLajj JjM^.21 ^Lus JlIc «.Lil fll a LOJi i—ju^sjli p£ .V 

JlJU d_3-^M_j^Lj («_£ (—1^ i n" -^>-J 4_IL>. A_ •<— *> ' "" A5~^J A-!^- (3-^ l^-il"U cLil ' *3J La >■ > 5 *"__) c Lit Ttlsl .A 

._jL==xll ' iui>J 

.< ij 1 U. 1 1 Jl>JI ^,-Lc- LgJa-u is J ■LaljjJI j^-*^< -^ A 

<jU-t^3pj o-<iJa l5 , - )l ^' <uL«^>JI *_LaLJ9 j I j ^ i a 1 , 1 j Jl^j>JI ^j — a&al Jjt il'itl (JjS . ^ * 

lilL^e 4_t>-lj-a LiLij Jua (j-« ' 1 1 La I a lJi-i^=lU Jj* i*i"n *J9 . ^ Y 

^jlj-* i^aJI ' a j'^— ■ »it ijiLu^a^JI SjLu^JI :(Y) jJj^j 

a, LvaJI ^j'* i_/'^.'J j^~-^ J^"'^ J La ^' -^ 

j^aVI ajJ I jj a>-t-t«J jl 4 flj La *" ' («J9_J (juLflJI <UL>. J 2 aj .Y 

(Y-A) (_u=3uili LJ I J i" i iiu *J9 jl (JjwlLI I j'j^N "•» <j-° J^=Lj_J *Lll a* La "•»« __^a -» aj /«J9 .Y 




I LajuaX I i ^jt^" 4jUf :(Y-A) (J^a ■ 



Ui 






j-.i_Al)I 







<L>- 



,jjJt,| i ^jt^r. d__L^__. (T-A) ,J_=___j 



j)< _=3 l_l .(_> i "<H J i"i 4__jjJ_> jj-C L_L)jJ_vO _Jl__ul) j_d _M j^j-! 'ij t? J mi ) («-J3j A_-.jjJ,l jju-u _y__a__J /*_) ."\ 

.(i-A) J-=L_i 4JI_L-l-jLi *_5 L_J_ijj__JI 




4__.jjJ,l j-luu (_>_____) A_jJLa_i (£-A) _)_=___/ 
_M a,j_I l_l L^L-J-J ,<s_JS t I fl-ilc |J____JI j|J_____- ,-Jl-C (J— a J-_=Gj 4_u___U *lj_j»._M J__L_3 .V 

. L^j_j____ j I gjj ____> 

.<Laj}L!l 4-a^ i ntl CjLlL_Ll_>-Li aI^jJVI *_« aJi_wjJI Jjt mi" J /*_) .A 



n» 







*1j_^f ,j-a jj gauj 4Ja-i ■-; jl^jj SjJI j Automobile Air Conditioning SjL-uJI i h^aj+M 

(Jj^>.^?l 4-bCj^ltl >~<\ '«j^— tl Jljuj j_stJtlj JjLajJI 4 Li i u_aj i %",^—tlj ,UAI ,>,tl ^^j ^>J^' SU^,..jtl Sj^ljJI 

. Lfcjj£.j tjLuJI <L>-L>.jj 7t <"tjX\ ' fl.fl.jJL I a (JjI i ntl tj'jj- Jia 
/— il 'Jj^~~'" «-j^>Jl (jl jLlIcI (_ r lc 4 .t^a-LlL^aL-Ul 4_l>-LL!I ^j^a Sjn i ntl i_fl-i^=L>a (_p3j t" mini «Jl>-^JI oJl4> L_j 
4_Lajjj^a ajL i ntl i_fl_L^=aJ> 4 jjI \s j**-" 1 II sj^l JlJI (jz lLUJj Cjljn i ntl «.l_ij^^= Lt" 1 - 2 L>°' '- j '"' ,:w ' (j-a 9-4 ^-^ 

.ajl_u_JI IL. 4.fl.bjei,l 4_uj^^=J| jjljjJLi 

l(j USJU X-A I jlj ir^jj iJL^iaj SjLujJI I rtj^l 4jj^-iU 4,rt,i"eieJtl s;ljj>.VI (_,JLc. f-^lla'iMj t_3^*jJI t 0) (^JJ-«J 

J^LaJI- ^ 

, U> » , ^- T I j^j jlj^jTJI i t-»j > ..j JaJI La 4-1'uijJij £ Sjm i ntl I fl ^^-— » a L_ ■ i ul i ■■ » ' *j_>JI ilaX. I uaJ I ^.lThj 
/<u_i C— ^ t 7-j" ii 1 1 f"J-<JI (j-a aJL>JI <Jjui> L_ jjfcj tiLajl LaaJl I Jt-J ajJaLitl ajlj^>JI <L>.jJij «_fljjJ.I J I (^^flJe-U I 
(J_i^5ji,l lLi£ I '^--tl .J J LJaj>oj SjL i ntl i_dj^ta 4 ^— >j a. Jlj>-G CjIj_^=lJJ jjj i u (J^L>- ^j-a 4j]J 4^=aj^>JI JJij 
(J-ii nut <L^-L>JI J_L5La 4_lII aJLj/jJ,! sjLifu^l <_ i i n~>- ■=> I < ta^j i La C I » '<a 1 1 Jjt jij (jr JLt (J-a-tj (^Lij^^s (j-iajLflj 
(j-fljjjj jjj i n < ^j-^'l aJI x_a 4 I i ^-" 1 1 a 4 ^— >j *- S I J fljj 4_i^sL>JI CjIj_^=ljJI 4_«^a JjJ^J ^j-^ )l aJI JjJ^i Ja£. I uaJ I 
ij>.jji «_Sj (<u_La (jrlir ui'tl LIU- iL. Lai i JlJ^jIJI 4_JL>- iL. I juk (O-A) J^a_ii Ja^.1 .^tl ^JJ tlU Jlj 4_^=j^>J| 
4 ^-»j *- ■ (_£JlJI *Ij-JIj SjIj i ntl -S_)-J-> i^ji-tl (-jLII ■ flJUl (j*~ 1 ajlj^>JI (Jjl—U (J_Jj^3 ^j-C (_)L^=jJI j^H* - 'j'j-* - 

.(_jL^=jJI j_L>- (Ji^-I J j^e_J.I <L>-j)j_a 
OJjjjjil ' ) alla-t, I j_L>Jlj ( JjLlujJI pjJJ Ls_i3 ill! jj CjIjm i ntl cJi_ll^=>j L. 4,.ajLJr"n u-ll ilaX. I ajuaJ I pjJIIjj 

(^jLu jIjjjLiII (_$jL>.I lU£I <>>tl oj^y ^j . l -il'.|jU,„v| jjlClU ^jjpJI pjJJI ^j^ 1 ^ (-JLtj j^—- ; j ' L^ 

.jjjGJI 4_uI_<j ijJJpJI i La C I j • >■ 1 1 Jaf iLfljjia Tcjisjj ("\-A) J ^— ui j "' I " \ I 

.111. 













Clutch 



UC) 




Fon Spot,, 



*+ /{f% 



' " ' I j *— ■ 1 1 la jjj i ntl (_tj^=j3 4_5j^I3 (o-A) (J^sljIu 



ud: l.-^ — " 








i^oLoVI ijl_jLa_i_nVI cL. aIu iLajuJall iJ-iiz (t 




j-uGJI (_yjl-S (_£-i-i^3 i La.fi I »^-»t ,_^ J ' (0 ' "J 0~A) J^— i ■"■ 



nv 










. (V-A) J 1 '— i '"■ 7-jl^La (_^3jj3 CjIJ 4_uIjjJ Ja g |a i a ,al JlJt" i ul *jj Ciljn i oJI f'j-it (V^-» ' 4r-J- 



jj_3jj| jiiuJl 




iJI_jLhj_nVl 

<=L_ aJlJt" i nU Jjj-uJI »La Jlj-La ^y3 Lu^ji oj\ j i nil iLajJLa cL_ ajl j i ntl ' 'i i 1^-1" e Jl>-j <^_ I tu^all J^>-J-> 

.cl^JLl J^jj (_^JJI f J-Lll (j-a Ll* ' ^"'^— U (jl (_£) ejljiritl ^^— j >J ^..^—Utl *l_a-JI A^j-ljjs IL. (_£l ojLmtl 
A—tLaX (JM->- (j-« LiUjij i Lag I »^->n ^j-" ajL-SJI i>>-> mil Ji_j^jIlJI i Laj i ua i a j ~^— i" (_ y JLc I 'n~,^— ■ 1 1 (_]_«_*_) 
' - ' "J Lhi3- > '- 1 u) \ L^-L? -1 I-*- 4 ''" CjLiJ Jl-Lc ^jj^-l mil JlJ_jjj]I Jaj-i "JJ JljLJI «.lj-JI (j-L_l (_£jlj_»- (Jjl—iJ 

*JJ (jLp»V! t_JLc.t iL-J .«JujJtl lLlA_l£l!I CjI j 41jL_JI 4_!L>JI J J *-fl3j-U '^« uaJI dlj 4JjLi]l 4l]L>. <j^a J>J>jlII 
_ ajlj_>JI <*^>-jJ pLajjl Jl-Lc 4_»-_ajJtl (Jjt i""n (»J-2-i i_£jlj^>- Cil" i uay8>3 aI Jiir" i nU J-a-ti _ <L»-_aj_a a I Jiir" i »l 
3 i i iil-La <Lal i ii <i \ i 'i ". ^—i 1 1 J_y_c JljjuJI _ ajl j i nil cLs -^-^J ' ^i'^-iII i_uju| (_ylc ojjj^i-ij *'fy^' LiTim ^ 7i" 
(j— a e.ijj_LaJtl 4 xo^aJI s-iLjj (^LllLiJ (_£jIj_j>JI (JjLuJI a«.Li^= f-3>J LlLJjj _ I a j LtJ ajlj_j>JI (JLfljJl )>_ L<u 

.sjLllJLI j>j>j1II 3*Lo^= SjLjj j^IJ i^jiJj l5^' j-°^' 5 j'j^' 

I j La ' LiLJjij 4_lIL«JI CjUI^ mil x_a (_ylcl (—kj^zail «.l^l >jj^~~ ' ' (j' 'J L> - q*^J (j- 4 *^l JlJ>o (j-u-u Lj-4 

jl i ajl j i nil I a a j" Jl^C J^j^-d'JI »-l A^-. J "A" j ( Jlj^-iTlII uLa-LujJ 4jLaL>JI t_tjjLj VLi jli.1 «. 1^-J 1 ^j -i^~~* ^ujj^i 



*W 



4-L4 



i=3 4JL2J I I 1 .- . I > A ,>,"l- 



2. V I II \ \-itS t I II 
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/>_a t_(_i_)lJi ^j_a 4 ''j ^— » a -^— >l i coJI I fl-L^aJLI ^_ Ojj^jJLI d)l ^"^-» I ,| (jTuo LgJILa Ciljn i nil d)l A"^-» ^j 
Li!l_ufcj ( ^j m2Jl jl ■ «-u-LaJl ( J_4j>JLi ajlj^>JI (JLajJ 2 4_lLlAII 4^-1 i all ioLjjJ A^-iil, 2 I ^^^J i_djLcjj ^jjjL^e-LlI 
La-us jij *— ■ ' La d)l A",^-. 1 1 /yjj i ' J LtaJI a! ao-jjJLVI c_tJ-)LJj <j-a ■ aH^aJLI « LuaJ ajJjj /jJ-J' CiL^a^ uA\ ^j'^* ' 

.(A-A) J^— » ■"■ i axa ^j-^^H^ 3 ' »jj^~"' ' La Lj-Laa i—t-uu^l ^j^a Ijl>-Ij 



""^-V 



.*- 




jjlj^fl {_ys (j\ju*£> £yi jij^—- a SjLujj i all^a a (A-A)(J^3 ■"■ 



JJujlJI 4-Ln-uj - ' 
i La a. (j— a Jl-J^_jjjI Ja-i i u a JaJi La ^_pa_i_nj»ij *2_ (JJLalLi AjJLt-a j a> I -^' : — i ^jL_aHj' 4 Ij i nj ^j-* 3 (^h 3 )—*^' ui 
<L n^aJ jjLa l£JJJ ^— tiLax.1 LtaJI J af ^j ■■ ^=lC J_a-t3 L#Ji ^i t (j a a se - 1 , 1 Jai uaJI ita a. Jl (-JLjlII ilsi uaJI 
tjl .(^jIj^kJI J_a^>JI CjLALala >_ i u> tiJJjij Jtj^jlII i-taj lmj! ,j[jj-uA\ J JLJt-a '£. p^— — " tl iL. Lifcjj.} JJljjIII 
(jj i ii (_£JJIj <(_^jlj^>JI JJujjJI ALa-La (_ 3 _4> ajL i ntl i *.;^~~' [ A j^~^ j ^~^ j} *JJ^' 4r- ^- a ^ r " ' "U JJ^aIII 4 I j i nj 
■ Sjm i ii ll (_Ji.l J ^je-til *_a a jLc JJljjjJI a La-La *_iis_aJj < ji^JiLI I Jufc ^j^a 4_*_i|jJI a Jl>^J| £-. ^Jjuu^djl Li «L>.^_<lu 

< >l '—- •j II ^_l>- ^_ a Da -*-j 1 1 ajlj >JI ^^^l i - Jl " a I j <k ajlj in 1 1 I a ^^— » a ^_ j je-til ^j a (_paj i-II (jl 

J}L>. jj-a LiJJjij 4jjL«JI 4JL>JI ^1 J-J-iMI LLa-iljJI 4JL>- (j-o jitJLl 4- lIf 1 ^ l^J-II ^dh^' .U j i,.,jt LbjLUclj 

. Jj_j-Lill Ja_LLujj *'_o-JI (j^- 1 L^j'^h^' (JjLlIJI 4_lLi£. 
<La.l 1 n a ajLjjJ aj—lLL^I (j— a lJuLc^j aji_aj_a ^jj/L^tlJl u-uul ^j_a L-aJLa {j-A ^jj '—• a ajlj 1 nil ^_x_Laj 
«.l_a-JI (. 1 -a- 1 n < AjJjj (_^j^=jJ^I JjJaJI 4Jj La * ) (_LaJU 4^-jj_a 4^=jj>- ^_y£. ^ljLlII <J^j ui21\ (Jj^kJLi ajlj^>JI (JLojjI 

- \\\ - 







.aJjL^oJI aJL>JI ^1 J^j-u1\ tla-LmJ J>=JJ Lr^^J ukiLiiiJI 

( jr L>-l JlJI *Ij-JI ^j-^ 4_j^lajJI 4-J'jJ (_y-^- <_)-*■*-> .j-st-Jt I (jl Jl^>o lIUJljj Sjn i aJI J* ml ^Jl 4_Laj j>_l»v>.j (_p3^»- 
JlJ£. J>j^>-j^a ; I j j H j^'"« (JM-^- (j-« 4_l^J^lj 7-1 iiij^l (j_a «.I^-JI ,j-^ LseHl j JcdLI ,»J-2-> <-1UJl^= t Sjlj i ail 

. Ju^jjJI ' aJ a Ji>- _La 

aJL>. ^_ clLJjij /- ala. j^>-lj j^^Lal j_jt_L« i_l!l_<ji> ^j ^— » ) <^.._l>.j Ciljl j i qJI ,j^« ' ^_ j-Jctil JJl*jj JiJ9j ^J-^ 

d)Lsel£ Jj_jj^a ^j_C ' >l ^-»j II j_L>- ^j_a «.lj-JI <_<-*■ m 4_L«JLl (<UJJ .j-Jb-lU I aJ a Jl Jj_j-l1II LJa-i ■ ua JJj-a (JJl*-« 
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)Lu-aJI i rtj^a 2r eJj>-J^I ^LtaLisyi *!j^-Vl ^^JL f-^Ua^tj i_3j-«a]| :(Y) Cr Aic V^J^J 



LJa-i i "j (jjj_>j 4_La i _paj_iJlj ( (i %".^-.tl r-j^ta J If) gjjl mJ| da -^ (-r-^ 1 (J -1 '" O'j-*" ' '^^~*j" (*^J 

4 ^.Q^-.tl ^jj_J>J IL. 4_La Jil flj i uJ l£JJJ ^— < i_fl_t^=L<JJ 4JL_ua]| *lj-^-| J-t£. 4jjl_i^JI 4-ljjJI (jr iil JlJ^jIII 

Ji _\— ^TJ I 4 lj i nj Jl jLi-JI (jJ-> ''-"■ ^ a (JjI intl (Jj^>-J (j t i ^ ' j A j <(_£jlj^>JI (J_<u>JI Cjl_ilLa!La jj_c sJljIjJI 

da-i i -j (juj—u/ \SS~' ' " a ^-SvJL-a I j* a i _p3j_iJI (jLu A^*-L>-JJ (J-il i nil (j|j^>- ^±3J^ f^ O'rP"^' ' '- ' " ' ^r-_3 
7t i"ij-a i a a\se i i LJLl>-I (JjI mJI (jlj^>- -Sj)3— ! l ^J-5j L -^ = ' j^ a ^tH-^' ' .' "J) ** .1 ** <! ~"'_3 ^£>^' *JJ J lM*-'^ ^£>rf-^' 
^j-^* ) i—S^O Lr^C- <J-a-*-J ^J ' ^£>^' »«-L^^= LkJ^a.».j (JJ-2j ^jJI r-Lj/j^lj i_ *j!j mi tlj 4-ijlajJI 4_Jljl (_ylc (J-a-*-> 
. JlJ^jjJI «JJ-> 1—dJSjjJ ^LlILlJ j_u-uljJU (Ji>-I J .si J i nil £_ I. r j i ujj Jj9j Jj^jjJI SjjI jj 4 ja ^— > 1 1 *lj->- 2 I 

' a bJl 9 jlji_LjjjVI ^j_a Ji-UcTjl ^Lj_^3 (jr-^- 4_k^L>Jkl ^L'JLij ti_ tjlj Mill Jj-a Ju^-il'JI t-^a-Li uj 4 j a *" ( _ 7 A^- (J-4-*3 
(jlj^>JI (_<_lL>- /,-lc. ( _j^3l_i-i5jJI ^j_a ^^J* ly ^" 4 da X-J^>3 (jLp^VI ^j-^* ) ^_ /<uJ 4-a^l i ntl dlLJaLLla. 2 «Ullj_aj 
j^^jlj-tll j^)-^ 3 c> 3 J'- c - iS J '.' ^~~* J^~* '"'* ' k* * ' -^ * I f"' ^~J' J^-tC jLse^ ' 21 j La^i (j_a (jlj^>JI 4_iL«j>J tilJjj 




i oil da -^ Lr-^ 1 ' ' ^~*j" Aj-;l1WI j! JljJu>JI ^j_a 4£.aJ '^-^ ^^Ll^f I 4 ^^-»-».^ 4_tic ^j^l SjLtC J-'kj 



(jl J ^=a-<U t^^'j J-*^' &-* ?J^-*^' jL-*^' '^l J^" '-hi ' (daALuaJI ^1 <L*jXI j-sbjJLI <j-a rjL>JI da jJI) 
C<-L>0 lil ' La C I cJall jj u ^— > Ij^-iis (. r i i n" '~''j La^JI <7J_A . Jlj^jTJI Ja-i ■ uj ^_a <UjLu '~''j La^J ^LaL>- ja^a ) 
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.0 - -A) J— - > ui ' La C 1 i >■ ! I J I Jjju j jjje_ull *_4_>_U J——/! J I '~'lj L__l l__1 < n"n Lq-Ll) (jlj_>JI (j-1— I (j-« 



J^i-jJI 



£jLiJI jlitJI tij^o 



J5LJI eulji^ 




£3J^ 



(JjI i nil Cj I j La-) _]---> L_J /— La-tlajh i /g i nj • -A ) _j-— » ■"■ 

jjjLj-JI Lifi nil aUj^j .V 
(jr\-i (_Jjlj__»JI (JjLuJI 4 A or <j_C JljI—lIIj j_je_j,l _L. I V".*^-.".tl ^Lll _L«_>_i *_La (^.lc. al o i^.tl I j__> J-oju 
(J-q-t-l jl Jj-UttTiJI ,_l_«___> ^j_a ijLSJI J_£j_l_JI LLa-i i "j^ 4.JLaL>JI OjLlJI <_<_.llj 2 Ij <_) __=_>j_t I j-J-- (j- 8 fO-SJI *'9*-' 
4-»-j_i ^j_a /----. t j-Je-.U i>jlj__- 4_2-j_i (J-^jvJ (j 11 -*- jl J-iLa J__C j_Je__U lL-J_--> _--*- <U__3L>ii,l /--£■ j* I -t ---I I I J__> 

.*UU 4 i» ' -LaJI _U_fc__l 



> vr 







. rtj^ntl 4. ^Ljo^-iit ^^iL-Vl jj^ai ^j Kbattery) ^>ll .1 

.uL^LiJl Jj; A" *jlj ^ J^uj (j^jiui cJiiLw J*.jJLi J-^-u : (starting relay) *jlJI <>>j-a .y 

.jLlII -ib-ijl (2>£. i^oLill ^jIjjlJI (j^a 4-uLjj^^=l!I SjjIjJI 4jL»jJ j-g-uaJll AjLsr'xij : (FuSe)j g t^aXI .V 

S ij I U. 1 1 aj Ij >, 1 1 4 ^j \ ( ma da\l c.la 1 La C < uaj\ J^ « <"<" -^ p ^— » -»" U aj -»" ■ "j^ : O Liu j^l! I .1 

' LtdLtaJI J Lai (Jl^ls (J-a-t-U 4lLt>.^L<-i3 (jjs ) *^— Lt] 1 a SjLujJI ' oji^aX <LfjLa_oJI AJLu^aJI :(V) £)jj-aj 

1 'j I La I , I jjJUl (. 1 1 n~>- aJ-uj S^jij 1 a-t^aJLl j 1 ■ u <Lp-M-^= (j-a 1 ^—1 1 " . ^ 

.j-aVI *jJ li! 4-iLaJ <rjL>JI (j-a L-aiL^=J,1 A^LLaJ (j-a '^— t" .Y 

■ J Mill ' - ' I j *—> ' 4_l>-}Ll<3 ^j^a Jl^=G .Y 

■pjl 1 » J^— 1 1I1J (J-aJ«J (jiajLaJI (jl Jl^=G .1 

pjs 1 j .^.^i 4_JL>. 4-J ' oW- 1 -^ ^ -> "'- > "j dhi/* 3 (j-*- L ^-I- !l _9 ajJIjJI 4- ^d>^' .!' "J 'Si-*^ = (J a "*" *"' ' (*^ -^ 

' j~^N i^a Ll ^3 p" t<— l^ 1 n"(tl ^j^aLal (JLc >— SjjlIILi 

^jj i 4 allied CjLc.j_uj (JLc. ' a-t^aJLI 4_»-j)j_a jjt jG JjjjJa ^j^l lLUJj *'3tJ' ■ ^'^ * 4_l>.}Ll<3 ^j^a Jl^=G .1 

■^yi^aJLl iL- jljUuJl -S$».J (jr^- J^J *'_^J' cS^^J ^ 

.j_Je_JU <L»-j)j_« l1UJl^=j ' '„-,£— ,\\ Jj^xjj <LLisL>JI 4_»-j)jJU (j — Se flJ .V 

■ A^e-LTCLO 4JLj_LaJ (J-a-tJ OLlij/j^a^lII (j) Jl^=G .A 

^ulJ>U AjjIj^kJI Jjl^tll La^L-u (j-a Jl^=G A 
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1- Andrew, D. Althouse, et al. " Modern Refrigeration and Air Conditioning" Goodheart- 
Wilcox. 

ts _iail aj Lull <Lal*]| «* jjA\ 'j all <_sjj.Ij]| j^l j-a! ' LljSlilj iJ^jilJI T" 1 3 '"■ "ajlj uill ■ °J^" " ;5j«_uilj]| oA^.jll-3 



> V i 







ubtlk^l 



A 


Acid concentration 


/_-iIa^>JI ) J^ t ~~~'J~ n 


Air-Cooled Condenser 


^Ij^Li 2-s^lU i ft s i <£ -iIJ 


Air-Cooled Evaporator 


*l_j,J! jjjj (^JJ! j^dl 


Arc Welding 

Automatic Expansion Valve 

Automobile Air Conditioning 




B 


Battery 
Bubble test 




C 


Capacitors 


;,ni. j;; ^tl ,-,1^,^11 


Capillary tube 


4j^ » ."ill ajjjjVI 


Carburiusing Flame 


^j^ai^^ui 


Centrifugal Compressors 


4jj^=j-U SjijLLJ! . Ua lj , utl 


Charging Cylinder 


4j>»jJlU t j^ r '"''' ^ )l a-La i ol 


Cleaning Tubes 


i , , il iVl i U , U" 


Compressor 


( ly*\f* 1 ) ^\ 


Condenser 


I Vr^-i a 


Condenser pressure regulator 


( ,-»"^-i t, 1 i U i . >s ^ U » A 


Contactor 


^ , ,.jUl i* rtj» . ^^~~* 7"LLoXI 


Coupling 


l_k2_l>JI 4J.LOJ 


Crankcase pressure regulator 


3^ ' ^Jl*" 'k»«'-^ *>ki»^ 


Cutting Tubes 


t^oLiVI » t^a 


D 


Desert Cooler 


^ w, 'j"""'^ > " ' ■* ,£ ~ -1 ^' 


Digital Clampmeter 


Cr^J-H J^*JI (i>^ <J-"k^ jW=" 
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E 



Electronic Leak Detector 

Electronic Expansion Valve 

Evaporative condenser 

Evaporative cooler 

Evaporator 

Evaporator pressure regulator 

Expansion device 



(^J^Ii^aJ^I l_lj i ."ill ' fl ".l*^-i 
4£j i-V "ill CjLLl^>J,I 



Flashback arrestors 
Filter/Drier 






Gaskets 
Gas Welding 
Global Warming 



jLiJl f UJ 



H 



Halide Test Lamp 

Hard drawn tubing 

Heat Pumps 

Hermetic 

High Pressure Cutout 






I 



Insulation Resistance Test 



jJjjtJI 4_ajlJLa ^j ^->-°i 



Liquid-Cooled Evaporator 

Litmus paper 

Low Pressure Cutout 
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M 


Measurement Devices 


(Jj/LulI! ij^>.\ 


Megger 


(^yJUj^^aJ! Jlj-«-II 4_ajLLa (jj/LiS jl^>- 


Microprocessor 


glUI 


Multimeters 


<LajL2Ji,! J jLjU-J! ' ^4^' (3>^ (_>«L|^ 'j-i^^ 


N 


Neutral 


joUaiLkiJ! 


Neutral Flame 


JjLoil i_^UI 


Non-Return Valve 


p^>^Jl aJ^ al^_lo 


O 


Oil Separator 


cmjJI Jj^La 


Oxidising Flame 


j...<=-.j1.Iu*«1JI 


Oxy- Acetylene Welding 


,-m1~, .,.} , „<i-,„Vt ^1 -^t 


Ozone Depletion Potential 


(jjjjVI 4 oiU '£— J^L*.*^^! 


Overload 


aSljJI J^JI jJala 


R 


Reaming Tubes 


uluuVI jjjJjj 


Reclaiming Unit 


Ij^ ,"tl i U , , ,,d « M »",<,! J, l-».o 


Receiver 


JjU! (j'>=- 


Reciprocating Compressors 


ijjjpJ! .UAIj.ull 


Recovery Unit 


1 IJ "ill i U* . , ,, rt A \l«* . ,.) A. 1~*. rt 


Relay 


J~>a 


Relieve Valve 


-J " l/»i* 1| *.! *^« 


Rotary blade rotary compressors 


^ ^j -»" 1 1 (jijjJ! cj! j «LiJ!jjjJ! .UA Ij .^11 


Rotary Compressors 


4-jJljjjJI >UA Ij , utl 



^ vv 
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s 


Screw Compressors 


4_uJjU| ,UA Ij.Ull 


Scroll Compressors 


4_jJjy_L>JI it-"* Ij-iiaJl 


Semi-hermetic 


/J) 1* a 4 1 ill 


Shut-off valve 


Jj^LcVI aUu 


Sight Glass 


^jLj-Jl 4j>»L>»j 


Snifting 


^ 


Solenoid Valve 


^_ , .i^UI ^« rtrt ij ^^~— ) At <,*■> 


Spring 


<_>^ 


Standard Tubs 


4_l^uLlSJI i_ijjLJ2I 


Stationary blade rotary compressors 


Ajjlill iJujjJ! cj! j «LiJ!jjjJ! >UA Ij .^tl 


Stepper motor 


ia-jjJLl " A ^—j -*• 1 * jj *-4>=« 


Strainer 


al d ' ga rt 


Soft Tubing 
Suction Accumulator 
Sulphur Candle 


JjL_JI cjIj-Lls J-^La 


Superheat 


jJ^J <i^( tl 4^>-J-} 


T 


Test Manifold 


dajLJaJl (j-uLjJS \\ £-*- 


Thermostat 

Thermostatic Expansion Valve 

Transducer 




U 


Ultraviolet Leak Detector 


(Jia-flJl 4J-ui 2 L) * iumlu 1 ( a_uil ^3 




2 ,-*. ,,.,;; ,tl 


V 


Vacuum Pump 


•_j\_aIiJl rf se Jajfl 


W 


Water-Cooled Condenser 


rlU( V, -U < ?>V=^tl 


Welding 


fUJJI 
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i 


(4JJL22JI 


vii 


jtfLuill3Jl»-ij SbUJIj uUL&l $ J'jVlSJb-^l 


> 


(jo/UtjJI <_<_uLJI CjL-uLLaj JL^auiil J pljJI : JjVI Ji^iiitl 


r 


LaJuUI -^ 


r 


(J-uLsbJlII t_t-UUl (JJ/LlS - Y.^ 


V 


<Lu-uL*_<JI <_<-uLJ2l (Jl «t* i ill jjj-^ - ^ ■ ^ 


1 

t 


a Sjj U-. r 1 1) "N^T J 1 tl <^-> ,",T J 1 -ill >V! fr M >| J '"»' ' "1 « « • '<* ' "[) •"'! * I ^ 1 ^j_>J i > - * ^ 





2'^jAltl i . mIW t 2 -»-,-». ,^,tl itj 




jj,ii«».)t|i , i ii'i] ^jj^"j i3'^- j (3 ' ' '^~j * k* i-iij \) • *ii~t| j ,^%At| 


"\ 


<LajJLa - ' » ' 


i 


c-^jL&I £_Lis Sbl- Y,Y 


i 


i_4jLJaf! Jj-o* ztaf- Y,Y 


n 


^^J t-itl^j,,l-».;tli , nl i| jj . < . v> *.] s|- 5Y 


V 


(-^ulj^l jj^Sj alj|- 0,Y 


A 


^j.Af'A) i . i\\\\ j\^"!>" j i U iu"j * u$ ?i*. tl <t| J ,--»An 


^ . 


i , mIWI ^j^.~* 2 A^r- ^ , l 


\ . 


i , , il i*vl i /iiCim iil^^- YV 


^ . 


^j.,\->-'A\ i . ni j jj_j"> j (3'^- j 3 ' ' , ^ > " j * ^"^ ■ ' ^ ' ^j^j i ,_ ^ ^ 


\ t 


(jaiLuill Sj^».| :«_iljJI J i^i lit! 


\o 


<La jJLa - i > * 


^o 


ajlj^>JI <^>-J-> <J-"Li^ *j-4^' ~~ ^-t 


\o 


,Ui ,>,tl ^j,,l i^ jl j~^- Y* 


\o 


A-ajLiillj jLuJIj Jfl^tl 3j^ q-"W^ °J-4^'~ 4.1 


W 


i J^j fllll a ^ ,>,a - .1 


U 


LvjjJ,l (j^BJjJI S'lljU.,.1 - 1 .£ 


n 


jjL^ai 







\. 




r > 


UdUlJ^I^JWU^uL^IBJb-yi 


\r 


S_ujjL*JlJI i_ujLjV! jJjj-sjj Jjj-kj fl^Jl :<Jj^M JjuaaJI 


\r 


d^iai oM^y I - v 


Y£ 


, „l -».'i i ij i J J . ,^j"j ■«■ .1 X\ • Ml ^j^ij i > - ^ ^ 


\Y 


(_u/L>iJ < i_9-i-il * j i n^j : (Y) ^jjj_4j - V, \ 


r. 


4_uj/Utl!l (->-uLjV| (^,13 t^Litl! J i,-i^tl 


r. 


i_cj-ilj^ M ^yjj jjj.La - i » ' 


r. 


ud^jjjJI aI JlJt" i iiu j_jj/L>j (_ijjj| <_ 7 J3 : (V) jjj^xjj - Y,Y 




o 


n 


c-^L&l 


rt 


I^A its~j 2 A !"-».« jl u^i 1 1 . i il if ^j-."^ •( o i ^j^ij <i i - * Y 


r<= 


jjL^j;! 


rn 




vta 


UdUlJVl j»L*l ^L^IBJb-V* 


vta 


j^i^itl j»L>J : JjVI Ji^irttl 


rA 


La jJLa- ' > ' 


t> 


j d ' <a 11 a L>J Jjj " ~ ' 


£. 


jliJlj^UtU! t^till Ji^ill 


n 


jUJLl aLsbUL 4rtU~U OsLtll La}L_a]l J^lji - VY 


on 


jLUL. aUJJI 2_ U>V, ( „U oljjVl j jjuJI -W 


oA 


clr^-"^ <_, ».m^-ijVI <_ tjj - V,Y 


n\ 


<~il «, u-.;t 1 ,1-, , , ^ j £« 1" , „l , „^i-,jVI ^l^ljl^^JI*,",! - i Y 


nr 
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